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Abstract

Plume Model Enhances Situation Awareness for Decision-Maker during an Outdoor
Airborne HAZMAT Release

In a large-scale outdoor, airborne, hazardous materials (HAZMAT) incident, such as
ruptured chlorine rail cars during a train derailment, the local Incident Commanders and
HAZMAT emergency responders must obtain accurate information quickly to assess the
situation and act promptly and appropriately. HAZMAT responders must have a clear
understanding of key information and how to integrate it into timely and effective
decisions for action planning. This study examined the use of HAZMAT plume modeling
as a decision support tool during incident action planning in this type of extreme
HAZMAT incident. The concept of Situation Awareness as presented by Endsley's
dynamic situation awareness model contains three levels: perception, comprehension and
projection. It was used to examine the actions of incident managers related to adequate
data acquisition, current situational understanding, and accurate situation projection.
Scientists and engineers have created software to simulate and predict HAZMAT plume
behavior, the projected hazard impact areas, and the associated health effects.
Incorporating the use of HAZMAT plume projection modeling into an Incident Action
Plan may be a complex process. The present analysis employed a mixed qualitative and
quantitative methodological approach and examined the use and limitations of a
“HAZMAT Plume Modeling Cycle” process that can be integrated into the incident
action planning cycle. HAZMAT response experts were interviewed using a computer-
based simulation. One of the research conclusions indicated the “HAZMAT Plume

Modeling Cycle” is a critical function so that an individual/team can be tasked with

vii



continually updating the hazard plume model with evolving data, promoting more

accurate situation awareness.
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Glossary of Terms

Consequence Management: “Relative to terrorism incident operations, measures to protect
public health and safety, restore essential government services, and provide
emergency relief to governments, businesses and individuals affected by the
consequences of terrorism.” (FEMA Higher Education Project) (Barbera, Macintyre,
Shaw, Yeatts, Westerman and de Cosmo, 2010)

Catastrophe: Any natural or manmade incident, including terrorism, that results in
extraordinary levels of mass casualties, damage, or disruption severely affecting
the population, infrastructure, environment, economy, national morale, and/or
government functions. (DHS, 2008)

Data: A series of observations, measurements, or facts (HarperCollins, 2009)

Disaster: A hazard impact causing adverse physical, social, psychological, economic or
political effects that challenges the ability to rapidly and effectively respond.
(Barbera, Macintyre, Shaw, Yeatts, Westerman and de Cosmo, 2010)

Effectiveness: adequate to accomplish a purpose. (HarperCollins, 2012)

Emergency management: The science of managing complex systems and
multidisciplinary personnel to address emergencies and disasters, across all
hazards, and through the phases of mitigation, preparedness, response, and
recovery. (Barbera, Macintyre, Shaw, Yeatts, Westerman and de Cosmo, 2010)

Emergency Manager: The person who manages decisions during an event, disaster, or
catastrophe. The person who has the day-to-day responsibility for emergency
management programs and activities. The role is one of coordinating all aspects
of a jurisdiction’s mitigation, preparedness, response, and recovery capabilities.

(Barbera, Macintyre, Shaw, Yeatts, Westerman and de Cosmo, 2010)
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Incident: An occurrence or event, natural or human-caused that requires an emergency
response to protect life or property. Activity resulting from an actual or
impending hazard impact, that requires action by emergency personnel to prevent
or minimize loss of life or damage to property and/or natural resources. (Barbera,
Macintyre, Shaw, Yeatts, Westerman and de Cosmo, 2010)

Incident Management Team: An IMT is an incident command organization made up of
the Command and General Staff members and other appropriate personnel in an
ICS organization and can be deployed or activated, as needed. National, State, and
some local IMTs have formal certification and qualification, notification,
deployment, and operational procedures in place. In other cases, IMTs are formed
at an incident or for specific events. The level of training and experience of the
IMT members, coupled with the IMT’s identified formal response requirements
and responsibilities, are factors in determining an IMT’s type, or level. (NIMS,
2008)

Information: The meaning given to data by the way in which it is interpreted
(HarperCollins, 2009)

Risk: A function of probability (likelihood) of a hazard occurrence and the impact
(consequences) of a hazard on the target of the risk assessment. (Barbera,
Macintyre, Shaw, Yeatts, Westerman and de Cosmo, 2010)

Risk Analysis: A detailed examination including risk assessment, risk evaluation, and
risk management alternatives, performed to understand the nature of unwanted,
negative consequences to human life, health, property, or the environment; an

analytical process to provide information regarding undesirable events; the

XiX



process of quantification of the probabilities and expected consequences for
identified risks. (SRA, 2008)

Risk Communication: To communicate effectively about risks that are associated with
particular hazards. (Berry, 2004)

Risk Management: The term applied to the whole process of risk identification,
estimation, evaluation, reduction and control, containing three goals: to control
and reduce hazards to an acceptable level, to reduce the level of uncertainty in
decision making about risks, and to increase public trust in risk matters. (Berry,
2004; Petts 1992)

Situation Awareness: The perception of the elements in the environment within a volume
of time and space, the comprehension of their meaning and the projection of their
status in the near future. (Endsley and Garland, 2000)

Stakeholder - Key people, groups of people, or institutions that may significantly
influence the success of the process, plan, program or project. (Barbera,
Macintyre, Shaw, Yeatts, Westerman and de Cosmo, 2010)

Validation: The process of determining the degree to which a model is an accurate
representation of the real world from the perspective of the intended uses of the
model. (AIAA G-077-1998)

Verification: The process of determining that a model implementation accurately
represents the developer's conceptual description of the model and the solution to

the model. (AIAA G-077-1998)
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“The train accident in Graniteville (of the ruptured chlorine tank cars) is one of the
worst disasters ever to have occurred in South Carolina, which has tragic

consequences.”
South Carolina General Assembly, 116 Session, 2005-2006

Chapter 1. Introduction

On January 6, 2005, at Graniteville, South Carolina, a freight train moving at
travel speed collided with rail cars parked on a siding, derailing the locomotive and17
freight cars, rupturing one of the five tankers carrying hazardous materials, and releasing
hazardous chlorine vapor to the surrounding community (FRA 2005). The HAZMAT
catastrophe resulted in nine people dying and 554 reporting respiratory problems after
inadvertently inhaling the ensuing dense chlorine vapor (Cashman 2008). Reading
through the After-Action Reports and eye witness accounts from the various local, county,
state and Federal fire departments and agencies makes it very clear that neither
emergency responders nor emergency managers had the situation under control, even as
early as the 911 dispatch call. The resulting emergency response was chaotic at the scene
due to misinformation, which hampered much of the response and recovery efforts.
Simply stated, no one had an operational picture of the incident nor did they know what
was happening around them. This incident at Graniteville is just one example in a history
of large scale HAZMAT incidents where Incident Commanders and HAZMAT
Emergency Responders lacked adequate situation awareness.

1.1 Background

Large scale HAZMAT incidents involving hazardous vapors or airborne
particulates, such as the Graniteville incident, are more complex compared to the much
more common small liquid or solid industrial spill incident. Because of this difference,

these large-scale HAZMAT incidents are referred to in this research as “outdoor airborne



HAZMAT incidents.” The emergency response processes that local HAZMAT
emergency responders are accustomed to using are inadequate because responding to an
outdoor airborne HAZMAT incident more quickly challenges the resources of most local
communities, including resources that generate situation awareness. Outdoor airborne
HAZMAT incidents can spread persistent hazardous materials for long distances.
HAZMAT emergency responders, if they are to respond adequately, must take into
account the type and quantity of the hazardous material, the terrain, the time of day, the
weather, and the location of population centers relative to the hazard release. Because of
these added complexities, the HAZMAT emergency responders must have a better
understanding of their desired information and how to integrate this selected information
to arrive at timely decisions within their response cycle. This need for HAZMAT
emergency responders to have perception of the elements, comprehension of the
surroundings, and the ability to project future solutions are fundamental levels that
Endsley used to define her dynamic model of situation awareness, shown in Figure 1-1

(Endsley and Garland 2000).
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Figure 1-1: Endsley's Model of Situation Awarer;ess.(EndsIey and Garland 2000).
Upon the preliminary notification of a HAZMAT incident, the HAZMAT
emergency responders begin to size-up up the incident by gathering data. From there, the

HAZMAT emergency responders formulate decisions and, eventually, take action to
implement decisions. As depicted in Figure 1-2, a simple three-cornered or triangular
“Decision Cycle” process can be constructed from these three steps. The length between
each step may be shorter or longer depending on immediacy and types of decisions
needed; however, it is important to understand that achieving and maintaining situation

awareness is necessary from the very beginning and throughout the entire decision cycle.



HAZMAT Response Situation Awareness Decision Cycle

‘ Decision Cycle ‘

HAZMAT . .
2 Take Action (implement
Incident -
decisions)
1
1
A 4
911 Call
1
| )
# Projection
Response Dispatch Level 3 SA
]
1
1
M Comprehension Formulate
ize- i e 4 -
Size-up the Incident Level 2 SA Decisions
Perception
Level 1 SA

Situation Awareness (SA) *

* Adapted from Endsley: SA Model in dynamic decision making

Figure 1-2: HAZMAT Response Situation Awareness Decision Cycle

While “sizing-up the incident” within the Decision Cycle, situation awareness is
enhanced in the early phase of the incident planning process in order “to understand the
situation” (NIMS, 2008). An incident plan can then be developed and communicated
throughout the Incident Command staff during the response effort (NIMS, 2008). Five
primary phases of an incident planning process for managing emergencies and disasters
are tied to the Decision Cycle process, as outlined in the National Incident Management
System (NIMS). These phases are 1) understand the situation, 2) establish incident
objectives and strategy, 3) develop the plan, 4) prepare and disseminate the plan, and 5)
execute, evaluate, and revise the plan (See Figure 1-3) (NIMS 2008). Though the
Decision Cycle focuses on the first phase of the incident planning process, the five
primary phases are consecutively completed so that the HAZMAT emergency

responders’ initial plan can be used to develop pro forma the Incident Action Plan (IAP)



(NIMS, 2008). The IAP guides the incident actions and supports the emergency response

community in the next operational period (NIMS 2008).

Situation Awareness *\

Perception
Level 1 . .
NIMS Primary Phases of Planning: **
Comprehension ®  Understand the situation

Level 2 situation

®  Establish incident objectives and strategy

Projection ®  Develop the plan

Level 3 situation j ®  Prepare and disseminate the plan

®  Execute, evaluate, and revise the plan.

References: * Endsley’s Model for situation awareness in dynamic decision making (Endsley and
Garland, 2000) ** NIMS, 2008

Figure 1-3: Situation Awareness and NIMS Primary Phases of Planning
The IAP is commonly depicted as in Figure 1-4 in the “Planning ‘P’” (NIMS,
2008). The 1AP is a detailed, iterative process, with required steps conducted by Incident
/ Unified Command to produce the 1AP. The IAP guides the incident actions, and
supports the emergency response community in the next operational period using the
initial five primary phases of planning process as a foundation, commonly referenced as

the IAP process (NIMS 2008).
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Figure 1-4: Planning “P”

If an operator does not know or misunderstands the incident information, this
could lead to poor situation awareness. In order to “understand the situation,” adequate
data must be collected and processed using immediately available expertise (within the
management cadre or through accessible tools) to comprehend the situation and have the
ability to project the near future evolution of the situation (NIMS 2008). This provides
the basis for informed, appropriate incident decisions. Fortunately, because of portable
computers and the internet, “more information is readily available now than any time in
the history of mankind” (Endsley and Garland 2000). Unfortunately in today’s complex
systems, retrieving, organizing, and ensuring the information is meaningful to answer the
problem at hand may be overwhelming for an operator and can confuse the situation
(Endsley and Garland, 2000). In other words, searching for the meaning of the
information in order to apply appropriate actions is challenging when attempting to

achieve situation awareness.



The standard, common approach to determining the downwind hazard of a
HAZMAT incident and attaining situation awareness is the triangle methodology
described in the US Department of Transportation Emergency Response Guide (ERG)
(US DOT 2011). The ERG is a booklet that is available to the emergency response teams
with HAZMAT incidents. It provides guidance for determining initial isolation and
protective action zones during the “first critical 30 minutes” of the HAZMAT incident
(US DOT 2011). In fact, for large scale HAZMAT releases the HAZMAT emergency
response professionals have to continually update the downwind hazard triangle because
of the changing meteorological environment over a longer period of time.

Similarly, to assist the HAZMAT responders in achieving adequate situation
awareness while responding to complex outdoor airborne HAZMAT incidents, computer
modeling and simulation software programs plot a projected downwind outdoor airborne
HAZMAT incident hazard dispersion at timed intervals (OFCM 2004; Meris 2000). The
HAZMAT plume model geospatially displays hazardous plume predictions in such a way
that responders can rapidly interpret and understand the information (Greene, 2002). The
most widely used plume model programs are 1) Areal Location of Hazardous
Atmospheres (ALOHA), developed by US Environmental Protection Agency (EPA), and
2) the Hazard Prediction and Assessment Capability (HPAC), produced by US
Department of Defense (DoD) (EPA, 2010; Meris, 2000; DoD, 2008). For HAZMAT
incidents, the hazard projections are commonly displayed in colored contours using the
US EPA human effect guideline, Acute Exposure Guideline Levels (AEGLSs) (EPA 2010).
This is done in such a way that the HAZMAT emergency responders can rapidly interpret

the information, thus enhancing their situation awareness and mitigating negative



consequences during the early or initial response phase of an operational planning
process.

Another important consideration for HAZMAT emergency responders when
implementing a response to an incident is time-dependent decisions. Once alerted to an
outdoor airborne HAZMAT incident, a HAZMAT emergency responders’ initial
response precipitates decisions; however, because there are unknowns about the incident,
the need for rapid incremental decision-making is often indicated. This same decision-
frequency concept is also found in other complex, rapidly evolving situations such as
public health decision-making during emergencies (Seefried 2010). The decision cycles
for any HAZMAT incident response are time dependent and contingent on the evolving
situation; nevertheless, for an outdoor airborne HAZMAT incident, initial decisions are
required in short time frames and frequently between formal decision cycles because of
the very dynamic and uncertain nature of an outdoor airborne HAZMAT incident, as

illustrated in Figure 1-5.
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Figure 1-5: The Decision Cycles and Time Dependency

1.2 Statement of Problem

Whether during localized incidents or catastrophic events, once alerted, there is

always a sense of urgency by Incident Commanders to act quickly. Relying on rapidly

available, but not necessarily reliable, information about the outdoor airborne HAZMAT

incident, potentially may lead HAZMAT emergency responders to poor situation

awareness and inappropriate emergency response actions. This can place first responders

and citizens in danger and compromising the effectiveness of response actions.

The necessary types of reliable information include the following:

— Source of the material: the specific hazardous chemical or material (once
identified, the material properties are known such as melting point, boiling
point, vapor pressure, etc.)

— Surface and upper air meteorological conditions: wind speed and direction,
temperature, humidity

— Terrain: hills, mountains, valleys, streams, urban buildings, etc.



— Vegetation: trees, grass, farms, etc.
— Population location

— Location of valuable assets: critical infrastructure, landmarks/monuments,
buildings, wildlife preserves, forests, etc.

These same data are necessary for the HAZMAT plume model to accurately
predict the hazardous plume, commonly referred to as the Three “Ws”—When the
incident happened, Where the incident happened, and What is the nature of the HAZMAT
release. By answering the Three “Ws,” the HAZMAT plume model provides a systematic
situation awareness framework for data collection and information use in a way that the
HAZMAT emergency responders can understand and use to support appropriate
actionable decision-making.

While informally discussing potential benefits of applying HAZMAT plume
modeling for achieving situation awareness, some HAZMAT emergency responders are
tentative to use HAZMAT plume modeling either because of the perceived complexity
misgivings of a computer generated product, or they misunderstood the HAZMAT plume
model projections. The HAZMAT emergency responders may not see the value of the
HAZMAT plume modeling which, in fact, provides useful information for decision
making that may increase their awareness of the risks. In certain incidences, the
HAZMAT emergency responders perceived that the training and resource burden
outweighed the benefits received by implementing and using a computer generated

HAZMAT projection, such as a plume model (Jain et al. 2003).
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1.3 Purpose

1.3.1 Statement of Purpose

The purpose of this exploratory research was to develop a model and assess the
perceived value of plume modeling and the “HAZMAT Plume Modeling Cycle.” Such a
model would find its way into use by HAZMAT emergency responders to support
achieving situation awareness during a HAZMAT incident response. This process model
was assessed through “proof-of-concept” research with HAZMAT emergency
responders’ actions during their initial response and incident planning during a simulated
outdoor airborne HAZMAT incident.

1.3.2 Purpose as it Relates to the exploratory research

This exploratory research applies system engineering and emergency management
principles by overlaying the “HAZMAT Plume Modeling Cycle” process on the relevant
decision steps of the initial response and action planning in the 1AP process. This
integration may assist the HAZMAT emergency responders achieve situation awareness
by using HAZMAT plume model projection information to "understand the situation”
while conducting incident action planning. Developed by the author, the “HAZMAT
Plume Modeling Cycle” and its relationship to the Five Primary Phases of Planning while
achieving situation awareness are graphically explained and depicted in Chapter 3.

Because the data and information pertaining to the outdoor airborne HAZMAT
incident changes over time, the HAZMAT Plume Modeling Cycle is continuously
updated. As more reliable information about the outdoor airborne HAZMAT incident
becomes available, the initial plume projection is iteratively updated and provided to the

HAZMAT emergency responders for distribution within Incident Command structure.
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(See Appendix A.) It is therefore important that the HAZMAT plume model projection
keeps pace with the decision points in the incident action planning cycle to promote
“timely and accurate decision-making” (Seefried 2010, p28).

Additionally, by answering the Three “Ws,” the HAZMAT plume model
projection provides a systematic situation awareness framework for data collection and
information use in a way that the HAZMAT emergency responders can understand and
use to support appropriate and actionable decision-making. Per this exploratory research,
the general classification of HAZMAT plume models is referred to as “probabilistic
atmospheric transport and dispersion” (PATD). The PATD analytically predicts the
course and concentration of persistent hazardous chemicals and materials for long
distances in complex terrains (OFCM 2004).

1.4 Significance

This exploratory research was projected to benefit the HAZMAT emergency
responders because it could lead to a foundation for an effective process to incorporate
HAZMAT plume model projection into the IAP process, thus supporting increased
situation awareness while HAZMAT emergency responders react to an outdoor airborne
HAZMAT incident. The ERG triangle method is useful for short duration, small
HAZMAT releases. However, when deployed properly, the plume model predicts the
HAZARD for short and long duration HAZMAT releases.

Additionally, local/state/Federal emergency managers may benefit from the
eventual use of HAZMAT plume model projection that enhances situation awareness by
promoting consistency in operational decisions. Plume model developers may also

benefit because it provides them a means to obtain feedback for improving their model
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during a response to an outdoor airborne HAZMAT incident. Specifically, this
exploratory research also provides insights to the hazard plume model operators for both
timing and input format methods that make PADT models more useful for HAZMAT
emergency responders. Though the exploratory research centers on local community
emergency response, the findings may contribute to Government regulators and Federal
response agencies by helping them understand the risks faced by local responders acting
as decision makers during an outdoor airborne HAZMAT incident.

1.5 Organization of the Document

This dissertation is organized to describe the research problem, review previously
studied work, identify research questions, characterize methodologies, and describe a
research plan reporting and interpreting findings. Specifically, Chapter 1 states the
problem and provides the foundational background, Chapter 2 reviews the relevant
literature, Chapter 3 establishes research goals, Chapter 4 develops research method,
Chapter 5 presents the results and their analysis, and Chapter 6 lays out conclusions.

1.6 Scope and Limitations

1.6.1 Scope

The scope of this exploratory research consisted of Outdoor HAZMAT

plume migration incidents only. This included the industrial chemical properties of vapor
droplets, and phase-change solid-to-liquid, liquid-to-vapor, solid-to-vapor evaporating
from a pool source. It does not address indoor HAZMAT, biological/nuclear/radiological
releases nor infectious diseases, waterborne and runoff transport HAZMAT, intentional

HAZMAT release, nor any fire enhanced dispersions. The pool of experts identified was
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comprised of United States military Civil Support Teams (CSTs) and HAZMAT
specialized civilian emergency responders.

1.6.2 Limitations

This exploratory research used a simulation rather than observations under actual
incident conditions, which is deferred for future research. The accuracy of the HAZMAT
plume model was assumed based upon the available research evidence (see Chapter 2),
but was not directly evaluated in this exploratory research project. This project was not
intended to be an endorsement for any specific hardware or software development,
commercial or otherwise. The research was narrowly focused on United States local
emergency response and, as such, was not directly intended for emergency response by
state and Federal professionals. Due to the constraints inherent in doctoral research, there
were small numbers. The exploratory nature of the numbers and categories do not allow

statistical analysis of quantitative findings.
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Chapter 2. Literature Review

Understanding the information used for HAZMAT emergency responders in
making their decisions while responding to an outdoor airborne HAZMAT incident
(OAHII) is extraordinarily complex. The literature review for this research reflects the
foundation as it relates to HAZMAT emergency responders’ decisions while responding
to an outdoor airborne HAZMAT incident and it includes the lessons from the primary
research areas are 1) Emergency Management, and Incident Commanders, 2) IAP /
Planning ‘P,” 3) Situation Awareness, 4) Risk, 5) Geographic Information Systems (GIS),
6) Outdoor Airborne HAZMAT Hazard Probabilistic Atmospheric Transport and
Dispersion (PATDs), and, 7) Qualitative and Quantitative Selected Research Methods
Used.

2.1 Emergency Management and Incident Command

2.1.1 Historical Perspective and Federal Emergency Management Agency

The study of emergency management has its historical beginnings dating as far
back as 6 AD in the Romans’ techniques for organizing manpower and resources for
preventing and responding to fires (Waugh, 1999). The Japanese have a long history of
treating firefighting and prevention as a responsibility of citizenship by organizing
volunteerism, leading to state sponsored governance for organization and management.
These historical references point out that emergency management is not only about
managing risks associated with people and resources but it is also about the management
of the decisions that are made regarding the actions of people and the use of resources

during emergency incidents (Waugh, 1999).
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In comparison, the beginnings of US emergency management started in 1803 after
Congress passed its first national relief package for merchants recovering from a
catastrophic fire in Portsmouth, New Hampshire, on December 26, 1802 (Cooper and
Block 2006). This became the template for US Federal disaster response even to today.
Congress, through The Disaster Relief Act of 1950, assigned permanent funding
available for use by the State governors for national emergencies (Cooper and Block
2006). Each subsequent US Federal program was piecemealed by several historical
benchmark disasters. Eventually, the state governors became extremely frustrated
because of the Federal bureaucracy of its disparate disaster responses (Cooper and Block
2006). On March 31, 1979, President Carter signed Executive Order 12127 creating
Federal Emergency Management Agency (FEMA) for “one-stop” Federal disaster
assistance. Though much of FEMA's primary role continues to be the distribution of
Federal Funds during a Presidential Disaster Declaration, its emergency response role
currently has become much broader. Throughout its history, FEMA has learned most of
its emergency management lessons through response to natural hazard incidents, such as
hurricanes, earthquakes, volcanoes, etc.

More recently, FEMA's use of this same established emergency management
response framework has been applied to man-made incidents such as the Oklahoma City
Bombing, April 19, 1995, and the Pentagon and New York City September 11, 2001,
disasters. Now commonly referred to as an “all hazards” approach to emergency
management (FEMA 2008), this approach to emergency management was adopted from
the State of California’s use of the Incident Command System (Incident Commanders)

(CEMA 2009).
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2.1.2 Incident Command System

After losing millions of dollars and sustaining unacceptable loss of life resulting
from a series of complex and disastrous wildfires in the 1970s, the Incident Command
System (Incident Commanders) was developed (see Appendix A) as a way to organize
and manage an incident response among local, state and US Federal agencies (CEMA
2009). “The Incident Command System was developed by an interagency task force
working in a cooperative local, state, and Federal interagency effort called FIRESCOPE
(Firefighting Resources of California Organized for Potential Emergencies)” (NWCG,
1994). The core principals of the Incident Commanders included hierarchy of command,
organizational framework, and operational procedures to manage incidents (CEMA 2009).
Because it is scalable to any emergency response to an incident, the Incident Commander
System evolved into “...an all hazards incident management concept” (CEMA 2009).

2.1.3 National Incident Management System

The events of September 11, 2001 led to unprecedented Federal attention to
homeland security. One result was the creation of the Department of Homeland Security
(DHS) and FEMA was placed under its chain-of-command (Bush 2003). There were
additional presidential directives describing the way Federal departments and agencies
were to be prepared for terrorist incidents. For example, under HSPD 8, DHS is required
“...to coordinate with other Federal departments, agencies, State, local, and tribal
governments to develop a National Preparedness Goal” (Bush 2003). In HSPD 5, DHS
was to improve coordination in its response to incidents by establishing a National
Response Plan (NRP), which was replaced by the National Response Framework (NRF)

in 2008, and the National Incident Management System (NIMS) (DHS 2004; DHS
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2008:Bush 2003). NIMS was to provide “... a consistent framework for incident
management at all jurisdictional levels regardless of the cause, size, or complexity of the
incident” (Bush 2003). Building on the Incident Commanders, NIMS was “...to provide
the Nation's first responders and authorities with the same foundation for incident
management for man-made and natural incidents, and requires that Incident Commanders
be institutionalized” (NIMS 2008). The NIMS approach consisted of components that
worked together as a system to provide the national framework, “mitigating against,
preparing for, responding to, and recovering from domestic incidents, regardless of cause,
size, or complexity” (NIMS 2008). Emergency Operations Plans (EOPs) are developed at
the Federal, state, and local levels to provide “...a uniform response to all hazards that a
community may face” (NIMS 2008). EOPs written after October 2005 had to be
consistent with NIMS (NIMS 2008).

Looking at both the strategic and operational levels of response, emergency
management is extremely complex and dynamic in the framework of four phases of a
disaster management: mitigation, preparedness, response, and recovery. Though this
research focuses on the experts’ actions during the tactical response phase while
responding to an outdoor airborne HAZMAT incident, planning the mitigation and
preparation have to be considered as part of the response. During the response phase,
emergency managers direct those activities and resources necessary to address the
immediate actions that save lives and preserve the environment. During the response

phase, restoration of critical infrastructure to transition towards recovery is also important.
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2.1.4 Role of Senior Government Officials

The senior government officials provide the way for the planning and directing of
all government managements to get involved in emergency planning and response.
Additionally, senior government officials help to ensure that regulatory requirements of
Federal, State and local agencies are met in order that the community may have an easier
recovery from the tragedy of human and financial losses.(FEMA 2008).

The threat of an outdoor airborne HAZMAT incident within the US is real, as
pointed out in recent Congressional Testimony. “In the aftermath of September 11, 2001,
there is heightened concern that terrorists may try to smuggle nuclear material of a
nuclear weapon into the United States” (US GAO 2005). Testifying before the House of
Representatives in June 2005, the US Government Accountability Office (GAO)
confirmed that the threat of a terrorist using a radiological device in the United States is
real and increasing. Radiological and nuclear devices are part of the outdoor airborne
HAZMAT weaponry of choice that terrorists have at their disposal in this increasing
threat domain. In the light of this GAO Report, emergency management of possible
outdoor airborne HAZMAT (threats) incidents to the US becomes extremely important
for national, State and local deterrence and resilience (US GAO 2005).

The Emergency Operations Centers (EOCs) are a “...pre-designated facility
established by an agency or jurisdiction to coordinate the overall agency or jurisdictional
response and support to an emergency” (FEMA 2007). DHS recognizes the importance
of EOCs to emergency management in its award of over $81 million in grants to the
States’ EOCs for construction, continuity of operations, and retrofits of existing EOC

with collective protection systems for chemical, biological, radiological, or nuclear
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agents (DHS 2003). In the US, an EOC is usually found in several areas. Most Federal
agencies have their individual EOCs as does each State, each county (or equivalent), with
counties combined into a region, depending on population, area size, and cities. These
EOCs contain some type of outdoor airborne HAZMAT incident expertise. They also
have an outdoor airborne HAZMAT incident Emergency Operation Plan (EOP) that is
maintained for an outdoor airborne HAZMAT incident response. The outdoor airborne
HAZMAT Incident Action Plan (1AP), usually outlined within the EOP, contains
objectives reflecting the overall incident strategy and specific tactical actions and
supporting information for the next operational period. When written, the IAP may have
several forms as attachments (e.g., traffic plan, safety plan, communications plan, map,
etc.) (FEMA 2007).

One of the attributes of outdoor airborne HAZMAT incident emergency
management is the inconsistent decisions made during an outdoor airborne HAZMAT
incident response among the local, State, and Federal government chains-of-commands
(Cashman 2008). This is contrary to the Incident Commanders guidance. It is difficult to
picture the incident and the decision system response without having a common frame of
reference; however, closer comparisons of the Incident Commanders to the local and
State outdoor airborne HAZMAT incident EOPs and AP process to Federal guidelines is
a starting point.

2.2 Incident Action Plan Process (IAP process) and the Planning ‘P’

The Incident Action Plan Process (IAP process; see Figure 2-1) is a single or joint
planning process that addresses “priorities and specifies tactical operation and resource

assignments” (EMI 2008).
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The IAP process is a detailed, iterative process with required steps conducted by
Incident Command / Unified Command to produce the Incident Action Plan (IAP). The
IAP guides the incident actions and supports the community in the next operational
period (NIMS 2008). In support of the IAP process, the Planning ‘P’ was developed as a
way to present the Incident Commanders’ and Unified Command’s step-by-step planning
process from an initial response through the operational planning period cycle (EMI

2008).
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Figure 2-1: Planning “P’ Initial Response Period

The first leg of the Planning ‘P’ provides guidance for HAZMAT emergency
responders for the initial response, as seen in Figure 2.1. As it relates to an outdoor
airborne HAZMAT incident, some of these actions include the following:

e Setting the priorities of identifying immediate risk to “life, incident stability, and
property conservation”
e Assessing the incident as far as scaling
o Identifying the nature and magnitude of the incident
o Establishing hot zones, safe zones, decontamination areas, medical
treatment areas, evacuation routes, etc.
e Establishing an incident command post and staging areas
o Carefully considering location to incident as to not placing the emergency
responders in harm’s-way
e Safety to people and animals—emergency responders and local population
o Identifying the population density
o0 Identifying the specific hazard to public health
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O Issuing warnings, precautions, and evacuations
e Safety to the environment
o Identifying land features such as rivers/streams, lakes/ponds, vegetation,
landscapes, roads, etc.
e Establishing command, span-of-control, and assume control of the incident
e “Establishing immediate incident objectives, strategies, and tactics”
o0 Understand authorities, policies, and external stakeholders that are or
could be involved in the incident response
o Identify early the complexity of the incident: since the outdoor airborne
HAZMAT incident is a complex incident, some of the elements include
weather, the HAZMAT material, vegetation / terrain, etc.
0 Writing the objectives using the “SMART characteristics” (Specific,
Measureable, Action Oriented, Realistic, and Time Sensitivity)
¢ Identifying the resources that are necessary for short term and possibly long term
incident response
o0 Equipment immediately used and can request more
0 Need for Mutual Aid Agreement to request more resources
0 Need for other organizations to assist in the response (e.g., State/Federal
aid, law enforcement, search and rescue, explosive and credence
specialists, chemical HAZMAT experts, etc.)
(FEMA 2008).

These first operational steps set the objectives and procedures for the first
planning period to the Planning “P” (FEMA 2008). These are incorporated in the incident
briefing in which the Incident Commanders Form 201 (the Incident Briefing Form) is
used. This briefing can occur prior to but usually conducted at the change of shift to
begin the 1AP process.

2.3 Managing an Outdoor Airborne HAZMAT Incident

The key to managing the response to an outdoor airborne HAZMAT incident is to
assess the situation adequately to minimize the downwind hazard to the population and
the environment, but, at the same time, ensuring safety to the incident response and
management teams (DHS 2008). Large scale HAZMAT incidents are more complex
when compared to small liquid or solid industrial spill incidents because hazardous

materials extends for long distances, and are usually more persistent. Depending on the
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hazardous material, low lethal concentrations, which are not always visible when looking
at the incident source, may be carried long distances to the unsuspecting citizen. This
could cause serious injuries, sometime death, and harm to the environment.

Because there are uncertainties when the Incident Commander is called for the
initial response, obtaining awareness early is critical to a successful response to an
outdoor airborne HAZMAT incident. Some of these uncertainties may include the fact
that the HAZMAT may not be known, determining how the weather is factored into the
response, how large of a hazard plume, what is the terrain and its effects on the plume,
how many people may be affected, how to direct the HAZMAT team to approach the
scene to make the initial assessment, etc. All of these factors severely challenge most
local communities’ resources quicker and make for a more challenging recovery.

2.4 Situation Awareness

In this section of the literature review, the concept of situation awareness will be
explained first. Second, we review the relevance of situation awareness for decision-
making by HAZMAT emergency responders while initially responding to and planning
for an outdoor airborne HAZMAT incident.

2.4.1 Situation Awareness Explained

Much from what is considered to be situation awareness originated from research
focused upon the aircraft pilot profession and industry (Nofi 2000). Understanding the
relationship among the aircraft systems, the environment, and the operator (pilot) began
the study of situation awareness, in particular, for fighter pilots. This unique tactical
aerial combat climate brought forth cognitive awareness of human-to-systems interaction

in dynamic complex situations. This initial application and understanding of situation
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awareness with fighter pilots eventually evolved for use in other professions such as, Air
Traffic Controllers, nuclear power plant operators, and meteorologists (Endsley and
Garland 2000).

The evolution since the mid-1980s gave rise to in-depth research by Mica Endsley
and others in methodologies for measuring situation awareness (2000). Endsley defines
situation awareness as “the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning and the projection of their
status in the near future” (Endsley and Garland 2000). From her definition, Endsley
formed an interactive model describing three “levels,” namely, 1) perception of elements
in current situation, 2) comprehension of current situation, and 3) projection of future
status ( Figure 1) (Endsley and Garland 2000).

2.4.2 Situation Awareness Relevance to an Outdoor Airborne

HAZMAT Incident Response

In general, the same perception, comprehension, and projection tools can be used
by operators in achieving situation awareness regardless of their occupation (Endsley and
Garland 2000). Just like the first steps in the AP process, operators systematically
organize their strategies by outlining objectives, goals, and “decision tasks” in order to
accomplish their mission (Endsley and Garland 2000). The HAZMAT emergency
responders do not need to know every detail about responding to an outdoor airborne
HAZMAT incident, but they need to know much information related to the goals of
public safety and protection of the environment. However, knowing what is important is
very much a problem in today’s complex systems because of the flood of available

information (Endsley and Garland 2000). For instance, there is a great deal of
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information available to HAZMAT emergency responders to assist them in situation
awareness for responding to an outdoor airborne HAZMAT incident. Searching for the
meaning of the information in order to apply it appropriately is a challenge for achieving
situation awareness.

Because of these added complexities, the HAZMAT emergency responders must
have a better understanding of their desired information and how to integrate this selected
information to achieve timely decisions within their response cycle. This need for
HAZMAT emergency responders to have perception of the elements, comprehension of
the surroundings, and the ability to project future solutions are fundamental levels that
Endsley uses to define her dynamic model of situation awareness (Endsley and Garland
2000).

From the preliminary notification of the HAZMAT incident and the 911 call, the
HAZMAT emergency responders begin to evaluate the incident by gathering data for
information. This is the first step to perceiving, comprehending, and projecting
information that carries through the formulation of decisions in order to implement or
take appropriate actions.

There are multiple steps in responding to an outdoor airborne HAZMAT incident
and several categories of decisions that need addressed based upon the incident situation
in order for HAZMAT emergency responders to achieve situation awareness. These
include the following how/where/when to:

— Decisions for Responders:
— deploy HAZMAT team(s)
— establishing communications
— determine the proper PPE for HAZMAT emergency responders
— types of decontamination equipment and centers locations
— assessing the extent of the contamination
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— Decisions for Incident Command:
— Setting the priorities of immediate risk to life
— Establishing command, span-of-control, lines of communication, and
assume control of the incident
— location of the Command Post for operations
— staging areas for equipment and responding personnel
— determine the population density and population at risk
— population notification for evacuation/shelter-in-place
— managing evacuation
— releasing evacuation/shelter order
— coordinating with law enforcement for traffic and population control
— coordinating with all medical agencies
— requesting assistance from other agencies (if needed)
— Decisions for the HAZMAT response:
— determining the location and area of the “hot zone” and safety distances
— determining the weather, landscape (elevation, water/rivers/ponds,
vegetation), roads, infrastructure, and when the incident happened (vs.
when it was reported)
— determining the population exclusion area(s)
— safe entry and exit corridors to the “hot zone”
— controlling/minimizing the HAZMAT release (can the HAMAT be
properly neutralized)
— minimizing or containing the spread
— search for victims and subsequent extraction extraction/decontamination,
treatment and transport of people and animals
— Decisions for the Population at risk:
— decontamination areas for victims and responders
identification of causalities (victims and injured)
notifications to next-of-kin of victims
mortuary affairs if needed for victims
— Decisions for Remediation consideration:
— contamination collection from decontamination centers
— planning and conducting clean-up

2.5 Risk

The study of risk as it relates to outdoor airborne HAZMAT incident emergency
management is multi-dimensioned. For this research, risk is referenced as “a function of
probability (likelihood) of a hazard occurrence and the impact (consequences) of a hazard

on the target of the risk assessment” (Barbera, Macintyre, Shaw, Yeatts, Westerman and
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de Cosmo 2010). This definition is very appropriate for the research of outdoor airborne
HAZMAT incident emergency management because it describes human effects relative
to risk. Specifically, HAZMAT plume models use mortality, morbidity, and injury as
measures of hazardous effects to humans that assist emergency managers in their risk
decisions. To better understand the study of risk, a brief discussion of the following,
intertwining categories is provided, as it pertains to outdoor airborne HAZMAT incident
emergency management: risk perception, risk management, risk assessment, and risk
analysis.

2.5.1 Risk Perception

People’s judgment is used when answering questions about the acceptability of
particular risks (Slovic 2006). These people’s judgment is controlled by past events,
usually referred to as experiences, which can alter their perception of risk about an event
and explains the need to risk perception (Slovic 2006). Understanding how persons came
to their judgment about risk is found in the study of cognitive sciences (Slovic 2006). The
complete study of heuristics as it relates to an outdoor airborne HAZMAT incident
emergency management is emerging and beyond the scope of this project; however, it
must be a recognized area of interest for future research.

2.5.2 Risk Management

In general, risk management is “the term applied to the whole process of risk
identification, estimation, evaluation, reduction and control,” (Berry 2004; Petts 1992)
containing three goals: “to control and reduce hazards to an acceptable level, to reduce
the level of uncertainty in decision making about risks, and to increase public trust in risk

matter” (Berry 2004; Petts 1992).
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2.5.3 Risk Assessment

Risk assessment is “the process of establishing information regarding acceptable
levels of a risk and/or levels of risk for an individual, group, society, or the environment”
(Society for Risk Analysis 2008). Primarily, risk assessment for outdoor airborne
HAZMAT incidents is a measure of tolerable risk usually quantified as 1) casualties, (i.e.,
the number of people-deaths, either in mortality or morbidity) and injury, and 2)
economic loss.

2.5.4 Risk Analysis

Risk analysis is “a detailed examination, including risk assessment, risk
evaluation, and risk management alternatives, performed to understand the nature of
unwanted, negative consequences to human life, health, property, or the environment; an
analytical process to provide information regarding undesirable events; the process of
quantification of the probabilities and expected consequences for identified risks”
(Society for Risk Analysis 2008). Risk analysis encompasses the idea of quantitative risk
definitions and the ability to communicate risk to the public based on expert judgment.

Emergency management risk analysis, as it applies to the 1AP process for outdoor
airborne HAZMAT incidents, is an emerging field of study. Presently, the application of
qualitative and gquantitative risk analysis to the field of outdoor airborne HAZMAT
incident emergency management is marginal. However, because an outdoor airborne
HAZMAT incident is considered to have low probability of occurrence with high
consequence of effects to life and resources, the study of risk analysis for outdoor
airborne HAZMAT incident emergency management is becoming more important

(Slovic 2006). An outdoor airborne HAZMAT incident has the potential for a tremendous
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loss of life and a large psychological impact for a nation (Wilmot 2005). There is a strong
need for United States local HAZMAT emergency responders to identify and manage the
risks to mitigate successfully and respond to outdoor airborne HAZMAT incident threats.
One such way is by providing HAZMAT emergency responders the tools that risk
analysis provides to make informed decisions.

Risk Analysis is interlaced with the subject of probability (Kaplan, 1997). The
study of probability implies a more analytical or quantitative method for analysis of risk.
Kaplan stated “risk should always provide input to the decision in the form of probability
curves” (1997). A more “evidence-based approach” suggests that each “item of relevant
evidence be processed through Bayes’ theorem” (Kaplan, 1997). One such approach to
risk analysis being explored is the use of a causal chain analysis used in the studies on
port vulnerabilities by Harrald, Stephens, and VVanDorp (2004). Combining this type of
analysis to the IAP process with expert opinion could contribute to building an outdoor
airborne HAZMAT decision analysis model (Harrald Stephens and VanDorp 2004).

The understanding of risk analysis in a more evidence-based approach in the
context of IAP process and Incident Commanders for this exploratory research is
important because it builds on the relationships established between qualitative and
quantitative methods for gathering data for analysis through expert judgment (Patton
2002).

2.6 Geographic Information System (GIS)

Most hazard incidents have geographic components describing the where and the
what of hazard components. Most EOC and emergency responders operate and maintain

some type of GIS capability. The GIS technology has become an integral part of decision
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making as it helps to shape and influence decision makers' choices (Greene 2002). GIS
can help decision makers processing the multitude of data and sources (i.e., data that is
easily referenced and managed) on a map in a short amount of time (Thomas 2006).
Saving time is critical for consequence management in responding to outdoor airborne
HAZMAT incidents because it saves lives and resources.

More specifically, GIS is a technology used to view and analyze data and
information from a geographical perspective. Software links location to information,
allowing the visualization and querying of potentially large and complex datasets.
ArcView, produced by the company ESRI, is one of the more recognizable,
commercially available GIS software's used by both public and private sectors (Davis
2001). GIS allows for almost limitless data layering and manipulation, using shared
common data sets. The technology supports both raster data (remotely sensed imagery,
such as aerial photos and satellite imagery) and vector data (point, line and polygon
(shape)) data. Popular applications of GIS are visualization, navigation, layer
manipulation, querying (spatial and database), and editing. Networked datasets develop a
common operating picture (Davis 2001). Used effectively, GIS helps the Incident
Commanders and tactical HAZMAT response teams in understanding and
communicating the risks associated with an outdoor airborne HAZMAT hazard in a
timely manner (Greene 2002).

Though extremely efficient when correctly applied, GIS has negative issues that
affect its wide scale adoption. Most GIS software, (e.g., ArcView), is proprietary,
relatively expensive and competency-dependent in that its use requires in-depth training.

Additionally, unless timely, accurate base data is available, the final product may be
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reduced to a redundant, outdated map. Despite these limitations, in the presence of good
base data, GIS is usable during all stages of a disaster, from mitigation to recovery. GIS
is typically used in the planning phase to build a repository of accurate, timely base-data,
which could then be used to simulate disaster scenarios, and plan response efforts. During
a response, GIS could accurately visualize Global Positioning System (GPS) data
collected in the field, monitor and track progress, navigate response efforts and select
community shelters, and decontamination sites (Davis 2001).

Fundamentally, GIS is founded on a simple principle that “a picture is worth a
thousand words.” The map now becomes dynamic and updated when new data points are
sent. A single map is now available for tactical and operational use. Within AP process,
the data could be collected within Operations Section but must be shared closely with
Plans and Sections as appropriate to include the following: 1) Establishing the locations
of the incident command post and “red zone;” 2) change of shift briefings; 3) tactical
crowd control; 4) traffic control, urban search and rescue; 5) recovery in estimating
debris; 6) estimating resources needed, materials needed for decontamination; etc.

2.7 Outdoor Airborne HAZMAT Plume Models

In the early 1990s, after several outdoor airborne HAZMAT incidents
(specifically during Operation Desert Storm), there was a need recognized by civilian
and military emergency responders and decision-makers to be able to visualize accurately
the potential downwind time-dependent hazardous plume (Jones 2004). This included the
ability to display low HAZMAT hazardous concentrations over long distances and the

only technology available at that time was a simplistic single downwind flat earth
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“triangle” methodology, very similar to the current Emergency Response Guidance

(Figure 2-2) (Jones 2004; DOT 2011).
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Figure 2-2: Example of Emergency Response Guidance Anhydrous Ammonia (DOT,
2011)

Experience demonstrated that this technology did not meet the requirements of
military and civilian responders to adequately plan and respond (EPA 2010).
The type of reliable information that is needed includes the following:

e Source of the material: the specific hazardous chemical or material (once
identified, the material properties are known such as melting point, boiling
point, vapor pressure, etc.)

e Surface and upper air meteorological conditions: wind speed and direction,

temperature, humidity

Terrain: hills, mountains, valleys, streams, urban buildings, etc.

Vegetation: trees, grass, farms, etc.

Population location

Location of valuable assets: critical infrastructure, landmarks/monuments,

buildings, wildlife preserves, forests, etc.

These same data are necessary for the HAZMAT plume model to accurately
predict the hazardous plume, commonly referred to as the Three “Ws”—When the

incident happened, Where the incident happened, and What is the nature of the HAZMAT
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release. By answering the Three “Ws,” the HAZMAT plume model provides a systematic
situation awareness framework for data collection and information use in a way that the
HAZMAT emergency responders can understand and use to support appropriate
actionable decision-making.

These requirements prompted the development of a scientific, physics-based
hazardous plume modeling software using large computational computers that addressed
the influence of complex terrain, factors in time-dependent meteorology, and characterize
accurately the industrial HAZMAT after an outdoor airborne release (EPA 2010; DoD
2008; NTSB 2010). The evolution of HAZMAT plume modeling grew from large
mainframe computer-generated hazard simulations to ones performed on modern laptops,
making them more operator accessible.

2.7.1 Probabilistic Atmospheric Transport and Dispersion Modeling

For outdoor airborne HAZMAT incidents, a visualization computer software tool
found within the consequence management GIS is a hazard HAZMAT plume model or
more specifically, a Probabilistic Atmospheric Transport and Dispersion (PATD) model.
The PATD models analytically resolving hazardous persistent chemicals and materials
for long distances in complex terrains (OFCM 2004). The PATD software models predict
and display the location and time of the hazardous effects of the outdoor airborne
HAZMAT hazardous plumes using the existing and forecasted meteorological data,
terrain, vegetation/urban characteristics, population, and HAZMAT source material.
When combined with GIS, these make for a powerful tool aiding HAZMAT emergency
responders in efficiently formulating and communicating appropriate actions while

responding to the outdoor airborne HAZMAT incident. By displaying the hazard effects
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of an outdoor airborne HAZMAT incident in a visualization environment, PATD
modeling projection information can help in reducing the uncertainties for decisions
especially during the tactical stage of response. Therefore, how the PATD modeling
projection information is displayed within a GIS is vitally important because the display
must communicate in such a way that the HAZMAT Emergency Responder could take
the appropriate actions and minimize the negative consequences. In other words, there is
a need for tailoring the PATD model projections (i.e., PATD modeling projection
information) for HAZMAT emergency responders (OFMC 2004).

In general, to predict the hazardous effects of an outdoor airborne HAZMAT
incident, HAZMAT emergency responders may use PATD models for decisions within
the initial AP process steps, such as area estimates of the hazardous plume location,
extent of the hazard to high-risk areas, and population at risk. Those responding to an
outdoor airborne HAZMAT incident need a reliable and timely assessment of the
hazardous plume so that properly informed decisions are made. Additionally, estimates of
the position of “hot” (high-risk) areas and their likely spread over time are vital pieces of
information needed in organizing a response, and in helping to make appropriate
decisions concerning matters such as evacuation. During post-release clean-up operations,
any residual hazard that may still be present and need to be included in these estimates as
well. Atmospheric dispersion models are used to predict the progression of a plume of
hazardous material in the air. The models must not only be able to predict the initial
dispersion of the material, but also include an estimate of any subsequent human and

environmental hazards. For example, in a chemical incident, the initial cloud of gas and
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liquid will be modeled, but the evaporation of liquid that settles in “time and space” on
the surface needs to be considered as well (OFMC 2004).

Not all atmospheric dispersion models are the same. A distinction is made in
modeling and simulation between ATD and PATD software models. Fundamentally, an
ATD has the science associated with the hazard much the same as PATD except the
PATD uses a probabilistic calculation, usually a Lagrangian Gaussian Puff Model
(LGPM), for its hazard dispersion and display (Arya, 1999). There are two major classes
of PATD modeling: Lagrangian Gaussian Puff Model and Lagrangian Particle Dispersion
Model. Both models assume that the hazardous plume is either an instantaneous release
or a continual release. In the Lagrangian Gaussian Puff Model, the simulated hazard
release is a sequence of puffs transported in a variable downwind in time and space,
taking into account the meander and turbulence of the atmosphere. These puffs, “assume
a Gaussian (or bell shaped) in a prediction of the statistical variance in the concentration
profiles in their vertical and horizontal direction” (McCracken 2005). The Gaussian

equation is found in Equation 2-1. See Sykes et al. (2006) for further explanation.
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Equation 2-1: Gaussian Equation Used in LGPM
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A Lagrangian Particle Dispersion Model (LPDM) is a “stochastic atmospheric
transport model used to transport and disperse passive tracers subject to the
meteorological field generated by forecasted weather model from sources of varying
number and shape” (Chen and O’Steen 2006). In general, the dispersion calculations are

particles simulated that are advected through the atmosphere, coupled to a meteorological
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forecasted model. The Lagrangian Particle Dispersion Model derives its stochastic form
by using Markov chain to induce the randomness of the particle velocity (Chen and
O’Steen 2006). These series of equations are seen in Equation 2-2 (see Chen and O’Steen

(2006) for further explanation).
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Equation 2-2: Markov chain for LPDM

2.7.2 Verification and Validation (V&V) of PATD Models

The V&YV is very important to modeling and simulation community, of which the
PATD models are members. In brief, there is the actual software code which is written in
software programming languages such at FORTRAN, JAVA, XML, etc., that tells the
computer to calculate the scientific equations needed for the model performance. There
are industry processes established for ensuring the computer software developer follows
proper configuration management practices, software testing procedures, etc., that is all
part of the model verification. Ensuring that the correct scientific equations are
performing within accepted tolerances is validation.

More specifically, verification is “the process of determining that a model
implementation accurately represents the developer's conceptual description of the model
and the solution to the model” (AIAA G-077-1998, 1998). In other words, verification
looks at the computer software code and verifies that the code performs to the

developer’s specifications. This is usually performed through a series of software code
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tests that were designed by the developer within the accepted industry standards.
Organizations such as the Institute of Electrical and Electronics Engineering (IEEE.org)
have been established to provide these generally accepted industry software standards
(IEEE 2011).

Validation is “the process of determining the degree to which a model is an
accurate representation of the real world from the perspective of the intended uses of the
model” (AIAA G-077-1998, 1998). The process of validation starts first with what is the
accepted “real-world” that the model is expected to accurately represent. Second, test
data is collected usually in the form of field trials where a simulant or real HAZMAT is
dispersed and measured in a controlled experiment setting either small scale as in a wind
tunnel or large scale as in an outdoor test range. Lastly, what are the accepted tolerances
or variances from the measured data to the modeled simulation data. This can lead to
confidence in the model once the PATD model simulation program established.

For the exploratory research, PATD Lagrangian Gaussian Puff Model will be
used because of its well-documented verification and validation, and faster computational
time on a laptop computer. One such PATD is the Hazard Prediction and Assessment
Capability (HPAC), which models outdoor airborne HAZMAT scenarios and incidents
using terrain, land-cover and detailed meteorology (DoD 2008).

2.7.3 Hazard Prediction and Assessment Capability

The HPAC software provides an accurate prediction of the release, dispersal, and
effects of outdoor airborne HAZMAT hazards in support of decision makers, as well as
operational personnel, responding to an incident. HPAC is a PATD software product

developed by the US DoD Defense Threat Reduction Agency (DTRA) that is fully
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verified and validated against numerous field trials (see Appendix B). HPAC is
composed of a variety of CBRN outdoor airborne HAZMAT software modules that are
made of three principle functions, namely the following: 1) The Source Term
codes/modules associated with generating information such as agent, agent mass, release
rate and geometry, 2) the Weather prediction and data retrieval modules, and, 3) the
Transport and Dispersion (T&D) code, SCIPUFF, which calculates the downwind hazard
areas (Sykes et al. 2006). HPAC (See Figure 2-3) provides predictions of the release,
dispersal, and effects of outdoor airborne HAZMAT hazards (OFCM 2004). The three
key inputs to HPAC are 1) when did the outdoor airborne HAZMAT incident occurred in
date and time, 2) where did the outdoor airborne HAZMAT incident occur in latitude /

longitude, and 3) what was the source—chemical, biological, radiological and/or nuclear

(DoD 2008).
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Figure 2-3: HPAC Plume Projection Display Model of Anhydrous Ammonia
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Using the modeling and simulation in a GIS, PATD modeling projection
information represents the location of a hazard incident and the associated downwind
hazard. The goal of PATD modeling projection is to reduce and communicate
uncertainties about the area likely to be affected, intensity at different locations involved,
the likely impact on the physical and human infrastructure, and how this will change over
time (OFCM 2004). Therefore, PATDs are usually integrated in GISs.

PATDs are similar in the use of GIS because experts run the model and then
communicate their modeling projection to emergency managers. Additionally, an expert
uses a PATD to model outdoor airborne HAZMAT hazard effects in such a way as to
communicate the plume projection, including the key uncertainties, in a manner that
allows the decision maker to make appropriate and informed choices. Therefore, experts
are needed not only to run a PATD but an expert may be needed for interpreting the
outdoor airborne HAZMAT model plume projection.

2.8 Conversion Mixed Qualitative and Quantitative Methodology

“The conversion mixed design involves data transformation wherein one data
form is converted into the other and then subsequently analyzed” (Plano Clark and
Cresswell 2008). The essence of applying conversion mixed methodology in a research
study is to convert the qualitative analysis from transcribed collected data into numeric
form for quantitative analysis use (Plano Clark and Cresswell 2008).

The suggested qualitative data collection approach for this research included the
query based computer simulation from interviewing experts in a single case-study
approach. (Patton 2002) Answers from the questions were characterized with the

appropriate categories for analysis of the supported research data (Patton 2002). Creating
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a type of coding with these categories is useful in organizing the collection and synthesis
of the data (Lockyer 2004). This approach supports the baseline research ideal because of
the “in-depth understanding” needed given the complexity of the research topic (Patton
2002).

Additionally, generating categories within a framework to the research questions
enforces the four “vital components of coding: theory, clarity, generality, and
replicatability” (Pepinsky 2007). Wilson refers to the use of research questions is this
way as part of the “Study Eligibility Criteria” (2008). He goes to identify the specifics
that include of the following:

Defining features of the program/policy/intervention
Eligible designs; required methods

Key sample features

Required outcomes

Required statistical data

Geographical/linguistic restrictions

Time frame

Preparing a worksheet and cataloging the data prior to collection provided a way
to map from the data collection to the research questions. The interview approach is a
way to capture this data from the interviewees (HAZMAT Emergency Responder
experts), and what they thought about actions and decisions they made while responding
to an outdoor airborne HAZMAT incident. Interviewing experts ensures consensus of
their decisions while responding to an outdoor airborne HAZMAT incident and provided
a qualification foundation for this research (Merrick and Harrald 2007). A scenario (from
a case-study) was introduced during the expert interview for “grounding” purposes

(Patton 2002).
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Developed by Robert K. Yin and adapted by Sue Soy, the single case-study
approach will be used as a guide for the methodology to conduct this research (2002,
2006). The case-study approach is better suited for this research because the researcher’s
in-depth knowledge of the area of research, complexity of the topic, and adherence to set
of approved procedural characteristics to assist in guiding the data collection and analysis
(Yin 2002). Soy incorporated Yin’s approach and provided an overall structure to
research effort:

1) Determine and define the research questions

2) Select the case(s) and determine data gathering and analysis
techniques

3) Prepare to collect the data

4) Collect data in the field

5) Evaluate and analyze the data

6) Prepare the report

The qualitative coding framework established for this research, each answer
provides a unique code for each category within the matrix (Patton 2002). This
establishes a rule that the information being coded can only be assigned to one category.
Matrix maps are built from the answers provided by the experts with the appropriate
categories and a quantitative analysis can be performed comparing aggregated sub-
grouped populations (Patton 2002).

The purpose of the defining the categories from the data collected is to use in a
“keyword” association thus enabling a meta data tagging system for conversion to
quantitative data (Cooper et al. 2009). “Open coding” can be conducted by reviewing the
raw qualitative data explicitly and implicitly highlighting keywords, phrases, and context

(Strauss and Corbin, 1990). The common themes and categories emerge are tagged in

such a way the quantifiable analysis is performed. (Patton 2002) (Cooper 2009) Once
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tagged and marked appropriately in the matrix, a quantitative analysis can be realized and
constructed by comparing subgroups using the quantitative analysis (Patton 2002).

2.9 Synthesis of Literature

Emergency management is, “The science of managing complex systems and
multidisciplinary personnel to address emergencies and disasters, across all hazards, and
through the phases of mitigation, preparedness, response, and recovery.” (Barbera,
Macintyre, Shaw, Yeatts, Westerman and de Cosmo 2010) Within the GIS modeling and
simulation computer environment, the HAZMAT plume model projections are overlaid
among the infrastructure data. While responding to an outdoor airborne HAZMAT
incident, HAZMAT emergency responders can assess the population affected by the
hazard, the projected environmental and economic impacts as measures to be included in
their risk analysis. Risk analysis provides a way for the HAZMAT emergency responders
to explain these measurements of the consequences of outdoor airborne HAZMAT
incidents to the all levels of decision makers. Therefore, it is important to understand
what, and if, there is a role for HAZMAT plume model projections and what role does it
play in the decision making process for HAZMAT emergency responders during outdoor
airborne HAZMAT incidents. Still, the key in understanding the emergency management
process for the initial response to outdoor airborne HAZMAT incidents lies with the
HAZMAT Emergency Responder experts, who have the combined knowledge, skill, and
experience.

As outlined, all of the research focal areas rely on experts and their judgments for
decision making. According to Cooke, expert opinion provides adequate representation of

the uncertainties in decision making (1991). Soliciting these experts is key in
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understanding how and what decisions are made at the appropriate times. As a result,
seeking expert opinion and capturing expert knowledge enhances decision makers'
confidence (Cleaves 1994). Within the context of the IAP process, the HAZMAT
emergency responders could be interviewed to ensure that the appropriate categories are
properly grouped using a case-study scenario analysis approach first developed by Kahn
and Wiener (1967).

Because of unique complexities of responding and managing an outdoor airborne
HAZMAT incident, the HAZMAT emergency responders must have a better
understanding of their desired information and how to integrate this selected information
to achieve timely actions within their response decision cycle. Managing the situation to
ensure the safety of the community is critical to saving lives and the environment. This
need for HAZMAT emergency responders to have perception of the elements,
comprehension of the surroundings, and the ability to project future solutions are
fundamental levels that Endsley used to define her dynamic model of situation awareness
(Endsley and Garland 2000).

This exploratory research study uses a methodological approach of gathering and
analyzing the data within a conversion qualitative/quantitative framework (Plano Clark
and Creswell 2008). A quantitative analysis was constructed by comparing subgroups
using the qualitative analysis for results using Endsley’s model (perception,
comprehension, and projection) as context against the value of using plume modeling
projections (Endsley and Garland 2000). The research methodology is discussed in

further detail in Chapter 4.
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Chapter 3. Research Goals

3.1 Research Goal

The goal of this exploratory research was to discover the value to incident
decision making of the HAZMAT plume model through the development of a
“HAZMAT Plume Modeling Cycle” to be used by HAZMAT emergency responders to
support achieving situation awareness during a HAZMAT incident response. This
exploratory research expands on the basic knowledge and understanding of decision-
makers’ use of information while responding to an outdoor airborne HAZMAT incident.
It also applies system engineering and emergency management principles by overlaying
the “HAZMAT Plume Modeling Cycle” process while using Endsley’s three levels of
situation awareness with the relevant steps of the initial response and action planning
cycle in the AP process (Endsley and Garland 2000). The resultant process model may
assist the HAZMAT emergency responders in achieving situation awareness by using
HAZMAT plume model projection information while responding to an outdoor airborne
HAZMAT incident.

Initial research led the author to develop a draft “Plume Modeling Cycle” that
depicts the relationship of the NIMS Five Primary Phases of Planning to achieving the

levels of situation awareness, graphically illustrated shown in Figure 3-1.
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HAZMAT Plume Modeling Cycle

NIMS Primary Phases of
Planning: *
* Understand the situation
+ Establish incident
objectives and strategy
* Develop the plan
* Prepare and disseminate
the plan
* Execute, evaluate, and
revise the plan.
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Figure 3-1: HAZMAT Plume Modeling Cycle

The first step of the HAZMAT Plume Modeling Cycle starts shortly after the

HAZMAT incident is recognized and 911 is notified. The following describes each step

of the HAZMAT Plume Modeling Cycle:

1.

Input Plume Data (the “When/Where/What”): When did the HAZMAT
incident happen, where did it happen (e.g., latitude and longitude or street
intersection), and what is the specific HAZMAT material released (quantity, type,

and method of dispersal)?

Run Plume Model: Input the “When/Where/What” data into the program
and run the plume model software program using the appropriate terrain,
vegetation, observed and forecasted weather, and population data.

Share-Explain-Interpret the Plume Modeling Projection: Ensure
HAZMAT plume projection is properly presented for incident decision-makers,

relative to the incident map.

4. Make Available-Explain-Interpret HAZMAT Plume Modeling Projection:
Convey the projections as soon as possible to the key Incident Management
Team (IMT) positions: Incident Commander, operations and planning section
chiefs and safety officer. The plume projection is displayed in colored bands
representing lethality dose effects to humans and may need explanation.
Plume modeling experts should be available to succinctly explain the
projections and answer questions or concerns..
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3.2 Research Questions

This paper investigates the HAZMAT emergency responders' understanding of
situation awareness by analyzing their current and/or potential use of the “HAZMAT
Plume Modeling Cycle” for decisions in the IAP process while responding to an outdoor
airborne HAZMAT incident. The following research questions were used to guide the
development of methodology for this research project:

RQ-1 What specific data do HAZMAT emergency responders need to collect to
develop a sufficient perception of the evolving incident (i.e., to achieve
Endsley's Level 1 situation awareness) (Endsley and Garland 2000)?

RQ-2 What specific actions might HAZMAT emergency responders conduct to
process the collected data to determine a sufficient comprehension of the
HAZMAT plume in preparing for command-level decision-making (i.e.,
to achieve Endsley's Level 2 situation awareness) (Endsley and Garland
2000)?

RQ-3 How can the HAZMAT emergency responders incorporate the use of real-
time HAZMAT plume modeling to enhance their projection of the current
course of the HAZMAT release, and project future HAZMAT plume
behavior for applicable, proactive decisions applying the NIMS process
for developing an Incident Action Plan (1AP) (i.e., Endsley's Level 3
situation awareness) (Endsley and Garland 2000; NIMS 2008)?

3.3 Data Requirement

For this exploratory research, the data was extracted from the answers provided

by interviewing HAZMAT Emergency Responder experts. Interview consistency was
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facilitated by means of an outdoor airborne HAZMAT incident scenario query-based
computer simulation called Timeline (MIT 2011). There were 27 open-ended questions
that elicited the full description or explanation of their actions from the experts in their

own words.
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Chapter 4. Research Method

This chapter outlines the research plan, the specific methodology, the data
collection procedures and analytical methods for the research.

4.1 Design

The conversion mixed qualitative and quantitative methodology was used to
capture the actions of HAZMAT emergency responders through a query computer-based
simulated scenario in an operational context environment (Plano Clark, and Cresswell
2008). The research methodology steps and each step's outputs are summarized in Table
4-1 (Plano Clark and Creswell 2008).

Table 4-1: Conversion Mixed Methodology Design (Plano Clark and Creswell 2008)

Conversion Mixed Qualitative and Quantitative Methodology Design *

Procedures Outputs

+ Develop Initial Interview Instrument

* Design Meta Tagging and coding of survey questions

Instrument capturing expert opinion + Survey instrument (27 items open-ended gquestions)
Ste P 1 Development | | piios vest of interview instrument
- * Purposeful sampling for maximum expert *+ Expert Sample (n=24)
Step 2 Que:::l'ltative opinion + Data collected in Access database
ata * Conduct one-on-one interviews
Collection
Qualitative * |dentify categories * Transcribed (interpreted) texts
Ste p 3 Data Analysis | * Determine factors (groupings) * Foursituation awareness topic areas with 36
and Findings * Explicit and implicit keyword/phrase supporting categories
association for Complete, Incomplete, and + 28 Worksheets with C-I-A assessment (4 factorsby 7
Absent (C-I-A) for each category time-steps)
Quantitative * Determine appropriate subgroups for * Worksheets with C-I-A statistics
Step 4 Data Analysis comparative analysis * Graphs, medians, trends
+ Collate in subgroups of C-I-A analysis
S 5 Results and * Report results + Consolidate and identify commonalities from graphs,
te p Interpretation + Discussion and interpret what was learned medians, trends
+ Use qualitative quotes to validate and * Provide meaning to results with quotes and summary

illustrate results

tables

* Discussion

*reference based on Milton, Watkins, and Burch (2003) derived from Plano and Cresswell 2008

4.1.1 Step 1: Instrument Development

The instrument developed for this exploratory research study was a computer

software visualization of the case-study query-based scenario presented within an outdoor
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airborne HAZMAT incident virtual environment (MIT 2011). Using research on actual
HAZMAT cases, criteria were identified for the simulated incident. Criteria were defined
for HAZMAT experts and a cohort of the experts was defined. The criteria developed for
the case-study scenario are presented in Table 4-2.
4.1.1.1 The Case Study

The single case-study is used for scenario development (Soy 2006). The following
criteria were established to guide the selection for the case-study for an outdoor airborne
HAZMAT incident as outlined in Table 4-2.

Table 4-2: Case-Study Selection Criteria

General Description Elements

A Toxic Industrial Chemical (Incident Commanders) or -This includes all 50 United States
Toxic Industrial Material (TIM) outdoor airborne

HAZMAT incident within the United States

A well-documented Incident Commanders or TIM outdoor
airborne HAZMAT incident of a dense gas type usually
following an accident from the facility, storage container,
or tanker/barge/truck

Large amount of an Incident Commanders/TIM outdoor
airborne HAZMAT incident that is continual released and
accurate reconstructed approximate quantity

Known population at risk

Documented location of the Incident Commanders or TIM
source release and the subsequent hazard plume spread
Known date and time of release or accurate reconstructed
approximate

Known Incident Commanders or TIM and the associated
accepted human effects standards

Able to reconstruct the incident with its known topography
/ terrain, “Land use” over the time of the incident

-No warning of the incident (no threat or declarative
statements prior to the incident)
-Written or translated in English
-Officially recognized reports such as county or state
AAR, NTSB, or certified report

-As outlined in the OSHA hazards list. These may
include vapors or liquids such as chlorine, ammonia,
phosgene, fuming nitric acid, sulfur dioxide, etc.
(Us=0L, 2006)

-Buildings, vegetation, geology, topography, etc.
-Meteorological conditions surface and vertical: wind
direction/speed, temperature, relative humidity, stable
boundary layer, Turbulent Kinetic Energy, etc.

The outdoor airborne HAZMAT incidents are more complex compared to small

liquid or solid industrial spill incidents. As such, data mining for the relative outdoor

airborne HAZMAT incident for the single case-study consisted of reviewing open-source

incident reports/records from the National Transportation Board (NTSB), Environmental
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Protection Agency ( EPA), Pipeline and Hazardous Materials Safety Administration
(PHSMA), Occupational Safety and Health Administration ( OSHA), various newspaper
articles, and on-line websites (NTSB 2010; DOT 2011; DOT 2005). Of these, the
PHSMA and NTSB websites were the most useful in this search (see Appendix D)
(NTSB 2010; DOT 2011). In fact, the PHSMA has an on-line website search engine for
HAZMAT incidents that allows a narrowed search. From thousands of reports in
PHSMA database, the search identified 34 possible incidents matching the 11 case-study
elements from the criteria detailed in Table 4-2 (see Appendix E). While searching the
NTSB database, 21 transportation HAZMAT incidents, each with a detailed report, were
found matching the case-study criteria (see Appendix F).

After reviewing the 55 possible HAZMAT incident reports, a detailed match
against the 11 case-study elements revealed that nine outdoor airborne HAZMAT
incidents were identified as relevant to this exploratory research (NTSB 2010; DOT
2011; DOT 2005). A short description of each follows:

1. Graniteville, SC-1-/6/2005. Collision of Norfolk Southern freight train 192
with parked freight train P22—three rail tank cars of Chlorine and one rail
tank car of sodium hydroxide hazardous release; 9 fatalities, 544 injuries from
a widely dispersed hazardous plume (NTSB 2010; DOT 2005).

2. West Helena, AR-5/8/1997. Massive explosion and fire occurred at Unit Two
of the Bartlo Packaging Incorporated (BPS) facility; pesticide materials
involving Guthion, Azinphos methyl 50% Wetable, Manganese
ethylenebisdithiocarbama 75 % Dry Flowable; Carbamate - Topsin and Sevin;
C Dithiocarbamate - Maneb and Penncozeb; and C Organophosphorus -
Azinphos methyl and Alliette; three fatalities, 17 injuries (DOT 2011).

3. Bogalusa, LA-10/23/1995. Railroad tank car failure and release of poisonous
and corrosive Nitrogen tetroxide vapors; 81 injuries. (NTSB 2010)

4. Huston, TX-5/11/1976. Truck semi-trailer tanker carrying Anhydrous
Ammonia punctured hole from hitting a bridge column; 5 fatalities, 178
injured (DOT 2011).

5. Freeport, TX-9/13/2003. Railroad tank car rupture releasing hazardous waste
cyclohexanone oxide and cyclohexanone; 28 injured (NTSB 2010)
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Baltimore, MD-7/18/2001. Howard Street Tunnel train derailment and fire
with massive airborne hazardous smoke; 11 derailed cars were tank cars: 1
tripropylene (flammable liquid) 2 hydrochloric acid;1 diethylhexyl phthalate;
5 injured (NTSB 2010).

East St. Louis, 11-9/21/2004. Railroad collision of remote-controlled train with
parked tanker cars in a rail yard causing hazardous materials release; 2 tank
cars of vinyl acetate leaked; 140 population evacuated no injuries (NTSB
2010).

Minot, ND1/18/2002. Railroad freight train derailment; 5 tankers Anhydrous
Ammonia; one fatality, 11 people sustained serious injuries, and 322 people
injured (NTSB 2010).

Tamaroa, 11-2/9/2003. Freight train derailment; 4 tankers methanol, 1
phosphoric acid, hydrochloric acid, formaldehyde, and vinyl chloride 2
hydrochloric acid, 1 formaldehyde,1 car vinyl chloride; no injuries (NTSB,
2010).

Numbers 1 and 8, Graniteville SC and Minot ND, were the only two that met all

11 criteria outlined in Table 4-2. Comparatively, the outdoor airborne HAZMAT incident

of Graniteville SC was selected because it had the highest casualties, most environmental

impact, and more detailed information available on the incident useful for constructing

the scenario. A summary of case-study analyses are the following and details of the

selection can be found in Appendix J.

All 9 outdoor airborne HAZMAT incidents had 6 of the 11 elements of the
following criteria: 1,2,3,4,6,7

Number 2 missing elements 5,8b

Number 3 missing elements 5, 8a, 8b

Number 4 missing element 3, 4, 8b

Number 5 missing elements 3,4, 8b

Number 6 missing elements 3, 8b

Number 7 missing element 3

Number 9 missing element 8b

The outdoor airborne HAZMAT incident of Graniteville SC was selected for the

simulation case because it had the highest casualties, most environmental impact, and

more detailed information available that would be useful for constructing the scenario

(NTSB 2010; DOT 2005).
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After selecting the case-study of Graniteville SC, the scenario was adapted for the
Timeline simulation to capture the desired study data (MIT 2011). Some of specific
details were altered so as not to be recognized by those experts who might have
experienced or studied the Graniteville SC incident. These details are outlined in Table
4.3.

Table 4-3: Case-Study Scenario Details

Scenario Details

The identical time of year was chosen, January, and local time of the incident

Approximate eyewitness and communications reports emulated

Similar four dimensional meteorological conditions used—cool ambient temperature, calm wind, and
stable boundary layer

Different location but similar terrain and population at risk near a railroad junction

Same incident type using rail tanker

Substituted anhydrous ammonia for chlorine of Graniteville, SC as the HAZMAT (anhydrous ammonia
was purposefully substituted to prevent the appearance of using the Graniteville, SC. Additionally, using
similar meteorological conditions and more HAZMAT source material amounts, anhydrous ammonia
vapor has approximately the same hazard toxicity properties.)

The timeline of events of the outdoor airborne HAZMAT incident were closely imitated

4.1.1.2 Building the Computer Based Interview Scenario Timeline
The computer program “Simile” (Semantic Interoperability of Metadata and

Information in unLike Environments), a freeware widget software, was used to
reconstruct the case-study scenario (MIT 2011). A timeline was drawn of the incident for
the computer web-based environment (MIT 2011). This specific use of Timeline is a
web-based (hyper texted markup language-html-software program) design with a
chronological time-based scenario and pop-up descriptions or balloons. The scenario
Timeline is a web-based design with timelines with the scenario and pop-up descriptions.
This research is currently maintained by Network Dynamics and Simulation Science
Laboratory at Virginia Tech. (Barrett 2013) In general, as the operator moves the cursor

(computer) across the displayed timeline markers, each incident circumstance has a
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corresponding pop-up balloon providing details of the specific event within the case-
study scenario. A Simile Timeline screen shot presenting chronological events is shown
in Figure 4-1 (MIT 2011). The Timeline starts from “zero” hour (H+0), on the far left of
the timeline, and moves progressively through and beyond the next 12 hours of the
incident from left to right through the scenario in seven segments or time-steps: H+0 to
H+1, H+1 to H+2, H+2 to H+3, H+3 to H+6, H+6 to H+9, H+9 to H+12, and beyond

H+12 (or H12+).

@® Ground Truth Event ® Communication @® Questions

@ Fire Trucks @ Accident Cleared @ Explosion @ Evacuation g Second Plume Analysis -
@ First Plume Analysis e 911 calls - health effects spread C e
._ == 911 dispatch receiving more calls as far
@ Rail Car DOT numl  away as 0 6 a mile from the rail junction from
@ Health effects - Fire residents that are now experiencing difficulty
breathing and chest pains

@ 911 calls fire department @ 911 calls - pets - ) i Wez
@ 911 receiving fire reports @ Eye Witness Reports ‘911 calls - health effects sprea
911 incoming calls Weather report 911 calls - Grandparents
L ] g L P L P
@ Questions HO-H1 @ Questions H1-

To move the Timeline: use the mouse scroll wheel, the arrow keys or graby and drag the Timeline. Please answer the guestions in sequence from le
You cannot skip forwad but you can go back to edit previously answered questions_

Figure 4-1: Example Timeline (MIT 2011)

Since this Timeline scenario is a web-based design, the HAZMAT Emergency
Responder expert simply logged onto a typical web browser format that opened the
Timeline program. Once logged-on, the expert saw the red, blue, and green dotted
timelines with the accompanying scenario. Contained within the red and blue Timeline
balloons was pertinent information detailing the scenario. In fact, hyperlinks were made
available for the expert to access additional resources and reference material such as
Toxic Industrial Chemical (Incident Commanders) information sheets and the Emergency

Response Guidebook (ERG), which are commonly available to HAZMAT responders.
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Contained in the green Timeline balloons were the pop-up interview questions.
The questions were answered relative to that segment of the scenario timeline. The
HAZMAT Emergency Responder expert started on the far left of the timeline from
“zero” hour (H+0), and progressed left to right through the scenario until the end of the
seventh segment (H12+) (see Figure 4.1).

Each set of questions being asked of the experts was staged around each time-step
of the case-study scenario timeline for a total of 27 questions. Set up in block segments
per each time-step, the experts were asked only the sequential questions in that block. At
any point in the Timeline, the experts could go back to the scenario but they were asked
not to advance beyond their current time segment until they answered all questions
contained therein. Enforcing this rule during the Timeline interview promoted
consistency in the interview method and data collection across the expert interviews. The
detail Timeline scenario script can be seen in Appendix H.

Reference material was made available through hyperlinks in the Timeline
balloons such as ERG 208, Computer-Aided Management of Emergency Operations
(CAMEOQO) Chemicals anhydrous ammonia, transportation placard anhydrous ammonia,
railcar with DOT number 1005, Acute Metabolic Acidosis (AMA) anhydrous ammonia,
1 ALOHA plume projection, 5 HPAC plume projections (for 1 railcar, 2 railcars, 3
railcars). The scenario was constructed intending to have an outdoor airborne HAZMAT
incident with unknown but large amounts of anhydrous ammonia (see Appendix L for the

detailed scenario).
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4.1.1.3 HAZMAT Emergency Responder Experts Defined

The HAZMAT responders desired for this study were subject matter experts who
were trained and equipped to rapidly identify, collect, and establish response efforts for
chemical, biological, radiological, nuclear, and high explosives (CBRNE) incidents. The
criteria for expert HAZMAT responders were defined.

The criteria for defining and selecting the HAZMAT responder expert population
were constructed from the National Fire Protection Agency (NFPA) and OSHA (Table
4.4) (NFPA 2002; DOL 2010). According to the instructors at the National Fire Academy
at Emmitsburg, MD and officials at the NFPA, the NAFPA 472 and the Hazardous Waste
Operations and Emergency Response Standard (HAZWOPER) training are minimum
criteria to be qualified as a HAZMAT responder (NFPA 2002; DOL 2010). Table 4-4
exhibits the qualifications for HAZMAT emergency responder experts.

Table 4-4: Criteria for HAZMAT Responder Expert

Description Details
Minimum of eight years in emergency response duties
Minimum of three years of HAZMAT field experience -Standards as a HAZMAT Technician / Specialist as
only after successfully completing the competency and ?gutlined in National Fire Protection Agency (NFPA) 472

testing NFPA 472 & HAZWOPER
-Minimum 40 hours of Hazardous Waste Operations and -
----- Emergency Response Standard (HAZWOPER) /
HAZMAT Training Certification as outlined by
Occupational Safety and Health Administration (OSHA),
or equivalent training. ** 20

Good understanding and comprehension of the English

language both verbal and written

Preferred Completed Incident Commanders 100,200, and ~ FEMA EMI Web Incident Commanders courses ' 12

300

4.1.1.4 Cohort Recruitment and Selection
The recruitment was accomplished by the researcher in an outreach announcement
method via email, phone, and verbal announcement at emergency HAZMAT management
meetings and conventions. Word-of-mouth referrals from HAZMAT Emergency Responder

professionals were also encouraged. Upon receipt of a volunteer interviewee's email, a
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consent form was attached to the reply email asking for a signature. The consent form was
signed and scanned or faxed to the researcher. If the prospective interviewee was
immediately available, the consent form was presented and signed prior to any further
discussions.

After the researcher received and verified the subject's informed consent, a five-
to ten-minute questionnaire was furnished to the prospective interviewees for them to
answer (see Appendix C). A large part of this questionnaire gathered professional data to
confirm that the prospective interviewee had the suitable qualifications for a HAZMAT
emergency responder expert, as outlined in Table 4-4. This questionnaire also provided
demographic data that was useful for the research analysis. Once the questionnaire was
answered and returned to the researcher, the researcher determined if the expert met the
qualifications for this research. If the subject was not accepted for the research, a polite
email of declination (or explanation in person) was sent to that expert. The consent form,
the questionnaire, and the email address were electronically deleted and any related paper
products were shredded. If the subject was selected to participate in the research, a copy
of the consent form was returned to the subject. The original signed consent form (stored
electronically saved on a USB drive or paper) was stored in a locked cabinet at the
researcher’s home office. At the time of the interview, the subject was provided an
opportunity to opt out prior to beginning the research.

The participant’s privacy was maintained during the interview portion of the
research because no names were used in the computer simulation. The only connection to
the subject was a tag number or User Identification number (UID) to the original

guestionnaire. The only reason the researcher asked for the person’s name was for
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verification prior to conducting the interview. All the expert’s data was kept on an
external USB drive, kept locked up in a carry bag for transport, and stored in a locked
cabinet at the researcher’s home office. At the end of the research, all known personal
information from the expert was electronically deleted and all paper associated with the
subject was shredded.

Thirty-one candidates were identified through the researcher’s professional
network by a “word-of-mouth” solicitation and accompanying questionnaire. Of these
volunteers, 27 experts were selected using the criteria from Table 4-3, and four were
rejected because they did not meet the requirement for a minimum eight years of
HAZMAT emergency response experience. Of those 27, three were chosen to participate
in the pilot portion of the exploratory research study. The remaining 24 experts became
the exploratory research study cohort and sample population, consisting of 10 civilians
and 14 military-affiliated personnel, specifically, US National Guard State affiliated
CSTs, civilian HAZMAT emergency response organizations, and the USMC's CBIRF
(USMC CBIRF, 2008). The selected population's geographic range was from the Eastern

and Southern geographic regions of the US (see Figure 4-2).
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Figure 4-2 Experts Demographics by State (highlighted in blue)

The average years in their current position were 7.92 years, ranging from one to
20 years. The average years in Emergency Response were 15.17 years, ranging from
eight to 35 years, and the average years in HAZMAT Emergency Response were 13.71
years ranging from eight to 30.

4.1.1.5 Build Questions for the Interview

Once the Timeline was finished, the interview questions were finalized and the
matrix/data cataloging map was established. (MIT 2011; Plano Clark and Creswell 2008;
Soy 2010; Patton 2002) As a way to help fashion the interview questions, a worksheet
was created to ensure the interview questions satisfied the research questions and the
concepts referenced from the literature review (see Appendix G). The interview questions
focused on obtaining the experts’ opinions and decisions based on the information
provided at the relevant time-step within the scenario. Plume model projections, both
ALOHA and HPAC, were provided for the experts to use as references within the time-
steps (EPA 2010; DoD 2008). None of the questions in the Timeline scenario, however,

directly asked about using a HAZMAT plume model projection. This was done to avoid
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biases the expert may or may not have about using HAZMAT plume model projections

for incident response (Patton 2002). There were 27 open-ended questions across seven

time-steps designed to examine the interviewee's situation awareness from perception

through comprehension to projection (consistent with Endsley's model) and to encourage

the HAZMAT responder expert to achieve the highest levels of situation awareness for

their decision making at each decision point in the outdoor airborne HAZMAT incident

scenario (see list below) (Endsley and Garland 2000).

e Research Question 1

(0]

(0}
(0}

(0}

(0}

(0}

Per this scenario, what information do you need to be able to make
these decisions?

Per this scenario, how do you obtain updated information?

Per this scenario, what information do you need to be able to make
these decisions? (asked at later time segments)

Per this scenario, how do you inform or prepare to inform the public
and what information do you tell them?

Per this scenario, what information do you need to be able to make
these decisions? (asked at a later times segment)

Per this scenario, what resources do you place on a need from others?

e Research Question 2

(0]

(0]

(0]

(0]

Per this scenario, what information would you like to have if data is
known?

Per this scenario, what information would you like to have if data is
known? (asked at later time segments)

At this time in the scenario, have you changed any of your decisions
based on updated information?

Per this scenario, what information would you like to have if data is
known? (asked at later time segments)

At this time in the scenario, have you changed any of your decisions
based on updated information? (asked at later time segments)

At this time in the scenario, which decisions are recoverable and which
ones are not? (In other words, What decisions did you make up to this
point can you change given the information you now know, and which
decisions cannot be changed?)

Per this scenario, what information would you like to have if data is
known? (asked at later time segments)

At this time in the scenario, which decisions are recoverable and which
ones are not? (asked at later time segments)

e Research Question 3
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Per this scenario, what decision(s) do you have to make at this point in
time?

Per this scenario, how would you implement these decision(s)?

Per this scenario, how do you ensure the information you have
received so far is correct?

Per this scenario, how would you implement these decision(s)? (asked
at later time segments)

Per this scenario, what decision(s) do you have to make at this point in
time?

Per this scenario, how do you inform or prepare to inform the public
and what information do you tell them?

Per this scenario, what decision(s) do you have to make at this point in
time? (asked at later time segments)

Per this scenario, how would you implement these decision(s)? (asked
at later time segments)

Per this scenario, how do you ensure the information you have
received so far is correct?

Per this scenario, what decision(s) do you have to make at this point in
time? (asked at later time segments)

Per this scenario, how would you implement these decision(s)? (asked
at later time segments)

Up to this time in the scenario, list some of your strategies and which
ones would you place in the Incident Action Plan (1AP)?

At this time in the scenario, have you changed any of your decisions
based on updated information?

4.1.1.6 Interview Method

The interviews were held with subject anonymity, using structured and

unstructured questions.

Interviews were conducted one-on-one basis between the researcher the

HAZMAT Emergency Responder expert. To reduce the travel cost of the research, the

interviews were conducted at locations convenient to the Washington DC area because it

is closer geographically to the researcher’s residence. The researcher traveled to conduct

the interview at pre-arranged locations convenient to the experts.

The researcher took some written notes. The offer was made to the experts if they

would like to digitally record interview dialogues for documenting and later transcribing
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the interviews but all the experts declined. The only purpose of offering the use of the
digital recording during the interview was to have the availability for alternative
procedures to those experts who lacked expertise or had difficulty using the computer
keyboard.

A laptop was available as a stand-alone capable of running the Timeline software.
The log-in required a unique random number User Identification (UID); it was coded as a
unique tag for each participant minus all personal information. This tag provided
traceability to the computer-provided answers for data collation. Additionally, this
preserved the anonymity of the experts throughout the data extraction and analyses. Other
materials made available to the interviewee included a pad with pen for the expert to
draw illustrations if clarifications were needed.

All the material was inventoried with a checklist and secured by the researcher in
a locked travel laptop bag. The checklist was used once items were taken out of the bag
and checked when the interview had concluded. It was then placed back in the bag,
locked, and secured. The bag was in the researcher’s possession at all times and reopened
only when depositing the material in a locked secure filing cabinet at an office at the
researcher’s home. Since the demographic data from the questionnaire was collected at
the initial invitation, this data was kept separate from the interview data. The anonymous
demographic information was tagged, through the UID, to the Timeline log-in. All
personal information provided by the expert was excluded from the data collected for
analysis. The UID linked only an expert's generic job title, job description, and

experience credentials, obtained from the questionnaire, with the scenario data from that
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expert's interview. All data collected using Microsoft Access database program was
stored via an external USB (thumb) drive.

At the beginning of the interview, the researcher reread the privacy statement
from the participants signed consent form. Additionally, each participant was asked to
confirm his/her credentials.

Next, the researcher read a set of “Thesis Data Retrieval Instructions” (see
Appendix I). Ensuring the interviewee followed the instructions and successfully logged
on, the researcher remained available to help guide the interviewee through any software
program, web-based, or procedural problems with the Timeline. The interviewee started
the Timeline and answered the 34 Timeline qualitative and quantitative questions.

4.1.2 Step 2 Qualitative Data Collection

As stated previously, the interviews were conducted on a one-on-one basis
between the researcher and the expert. A laptop was available as a stand-alone system
capable of running the Timeline software (MIT 2011). The program was self-paced, but
the expert had to answer all questions within that time-step before the program allowed
movement to the next time interval in the scenario sequence. This prevented the expert
from looking ahead to follow-on time-steps before answering questions. They could go
backwards in the Timeline to retrieve past referenced information (such as ERG,
HAZMAT plume model projections, medical toxicology references, etc.) (DOT ERG
2011). However, they were not to change their previous answers. After the interview, the
researcher’s written notes and computer answers were consolidated and saved on a USB

drive. All material was maintained in a secure location.
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A pilot was conducted with three HAZMAT responder experts to assess the
software and the research design. The pilot identified minor errors in the software code
that were corrected. The answers provided by experts from the pilot study were not
included as part of the research analyses. All 24 of the remaining expert cohort completed
the interviews.

4.1.3 Step 3 Qualitative Data Analysis

Answers from the expert interviews were aggregated using Microsoft®Access
version 2010. The researcher conducted a qualitative data analysis of the answers by
systematically associating “keywords” and phrases. “Open coding” was used in the
analysis of the raw qualitative data highlighting keywords (Strauss and Corbin, 1990).
Common themes were identified, documented, collected, and collated into the four topic
areas. For the purposes of this research study, Topic Area one, Endsley’s Level 1, was
defined as the data needed for adequate perception of the incident for the plume model,
Topic Area two, Endsley’s Level 2 was defined as immediate actions indicating experts
believed they had processed the collected data to determine “sufficient comprehension”
of the incident; Topic Area three, Endsley’s Level 3 was defined as actions indicating the
expert is projecting the current course of the HAZMAT release and proactive future
decisions and, Topic Area four/Endsley’s Level 3 was defined as actions indicating the
expert used the plume model as the primary tool for HAZMAT projection (Endsley and
Garland 2000). The following 46 categories of common themes emerged from at least
70% of the associated cohort answers. They were grouped into the following four Topic

Areas, consistent with Endsley’s three level dynamic model of situation awareness and
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related to the use of plume model projections (see Appendix O). The results and findings

(Step 5) are discussed in Chapter 5.
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Chapter 5. Results and Findings

Once the common themes and categories were tagged appropriately, one matrix
per topic area for each of the seven scenario time-steps was constructed for a total of 28
worksheets using Microsoft ®Excel version 2010 (Plano Clark & Creswell 2008; Cooper,
et al. 2009). The qualitative analysis included a search for both explicit and implicit
“keyword” and/or phrase use for each theme category ‘Cooper et al.). The experts'
answers were assessed per the individual category by the researcher and assigned one of
three classifications—complete, incomplete, and absent (C-1-A) using the following
definitions:

1. Complete (C): Keywords and/or phrases that explicitly or implicitly satisfied
the category.

2. Incomplete (1): Keywords and/or phrases that explicitly or implicitly partially
satisfied the category.

3. Absent (A): No keywords and/or phrases that explicitly or implicitly satisfied
the category.

All 27 answers from each of the 24 experts were searched individually for the 46
theme categories in each of the seven time-steps (see Appendix O for all 46 theme
categories). With the worksheets organized by time-steps and topic areas, exhaustive
“keyword” and phrase searches were accomplished through explicit and implicit
association placing a C, I, or A, appropriately in the experts' associated category cell (see
Table 5-1) (Cooper et al. 2009). An example of explicit keyword fit consisted of the
following: “Need to determine replacement times now for my HAZMAT team.” This was
appropriately tagged “C” for “Complete” in the “Establishing relief times for HAZMAT
responders” category of Topic Area two for that expert within the spreadsheet in that

time-step.
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An example of implicit or context of meaning is “At this time, consideration
should be made to look at a shift change.” This was also appropriately tagged as “C.”
Indication that the expert answer was Incomplete, or “I,” was accomplished in a similar
fashion. If there was no answer that fit into the appropriate categories, an “A” (absent)
was entered. Once all 28 worksheets were completed, this ended the qualitative analysis

step of the study (see Appendix L)

Table 5-1: Example Matrix of Level 3 Time-Step 6 Qualitative Analysis

Topic Area 3: Level 3 Time-Step 6 Data (All Categories)
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5.1 Step 4 Quantitative Data Analysis
One of the unexpected discoveries based upon the investigation of the expert

cohort's demographic information was the existence of two subgroups, namely, twelve
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experts had eight to 10 years' HAZMAT emergency response experience, and twelve
experts had greater than 10 years’ HAZMAT emergency response experience. The equal
number of experts in these subgroups provided validated quantitative analysis. For
purposes of this exploratory research study, the two experience-based subgroups were
compared across all the four topic areas.

In starting the quantitative analysis by using the 28 matrices from the qualitative
analysis, totals of each C-1-A were produced into tables comparing the two subgroups—
experts with <10 years’ experience and those with >10 years’ experience. (see the
examples provided in Table 5-1 and 5-2) (see Appendix L).

Table 5-2: Quantitative Analysis by Subgroups of Level 3 (projecting the situation)
Time-Step 6

Topic Area 3: Level 3 Time-Step 6 Data (All Categories)

Categories

1 2 3 4 5 6 7 8 9 10
Expert £ 10 yrs experience C 3 3 0 1 2 3 3 5 1 4
Expert £ 10 yrs experience | 4 1 0 0 5 0 0 0 2 1
Expert £ 10 yrs experience A 5 8 12 11 5 9 9 7 9 7
Expert > 10 yrs experience C 6 5 0 5 1 1 2 4 0 6
Expert > 10 yrs experience | 4 0 0 0 7 0 0 0 2 3
Expert > 10 yrs experience A 2 7 12 7 4 11 10 3 10 3

For ease of comparison among the two experience subgroups of experts, one
graph per each category was created for a total of 28 graphs (see Appendix L). An
example of Table 5-2 converted to a graph is shown in Graph 5-1. These 28 graphs
presented the first set of quantitative analyses comparing the two experienced experts'

subgroups.
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Topic Area 3 level 3 (projectioning the situation) at Time-Step 6: Number of
Experts by Experience Subgroup per Categories
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Graph 5-1: Graph from Table 5-2 Data Related to Topic Area 3, Situation Awareness
Level 3 (projecting the situation) at Time-Step 6

In order to analyze experts’ answers using Endsley's Situation Awareness model,
the same data was reorganized by categories per time-step. This new set of 46 graphs
provided a way to compare the two experienced experts' subgroups by grouping the
categories within the topic areas for analysis and results (see Appendix M).

To determine the number of experts whose actions indicated the actor used the
plume model as the primary tool for HAZMAT projection for Endsley's Situation
Awareness, Level 3, a specific analysis was performed using the aggregated C-I-A
dataset from the first category of Topic Area four, “Assessing the need for using the
plume modeling tool for immediate actions and for future planning.” To accomplish this,
the complete (C) and incomplete (1) experts’ answers were combined (C&I) because the
expert provided answers that were more than absent (A) and deemed sufficient enough to
satisfy this category. The C&I were then organized by the seven time-steps to display the
experts' performance over the scenario Time-Steps. This produced a C&I comparing the

experts having 8 to 10 years' HAZMAT emergency response experience to those with
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greater than 10 years’ HAZMAT emergency response experience over the seven time-

step scenario history (See Graph 5-2).

Assessing Plume Model Use
12

[
o
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—— Linear (Expert < 10yrs

6 experience)

—— Linear (Expert > 10 yrs
experience)

Number of Experts by
Experience Subgroups

Time-Step

Graph 5-2: C & | Topic Area 4 (projections) Category 1 Assessing Plume Model Use,
Experts < 10 years’ Experience compared to Experts > 10 years’ Experience

Looking at Graph 5-2, there were no C&I answers given by any experts at Time-
Step six. While searching through the scenario evolution, time-step six did not contain a
scenario prompt to use the plume model projections, which are reflected by the lack of
answer indicators by all subjects for that time-step, as shown in Graph 5-2. Therefore,
time-step six was removed so as not to skew the analyses. Trend lines were added using
the linear medians function within Microsoft Excel©. This quantitative analysis was
exclusive to Topic Area 4 (Actions indicating the actor is using the plume model as the
primary tool for HAZMAT projection for Endsley's Situation Awareness Level 3), as

shown in Graph 5-3 (Endsley and Garland 2000).
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Assessing Plume Model Use Adjusted
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Graph 5-3 C & | Topic Area 4 (projections) Category 1 Assessing Plume Model Use,
Experts < 10 years’ Experience compared to Experts > 10 years’ Experience Adjusted

From this fresh analysis of Topic Area 4 (projections), it was determined that out
of the 24 experts, 18 used plume modeling in influencing their actions, and six did not.
This created a new set of two subgroups: the first, the “Plume Model” subgroup consisted
of those experts who actions were presumably influenced by using the plume modeling,
and the second, the “No Plume Model” subgroup, consisted of the six experts who did
not use the plume model. Another analysis was conducted producing a new dataset
comparing the “Plume Model” subgroup to those of “No Plume Model” subgroup.

For ease of comparison, a statistical technique of normalizing this new dataset
was accomplished. For example, from the 18, if 12 experts indicated C&l, this would be
12/18 or 0.67 (67%), and if from the 6, there were 3 experts indicating C&aI, this would
be 3/6 or 0.50 (50%). Similar to the previous synthesis, a graph (Graph 5-4) per each of
the 46 categories was created by the normalized experts’ answers in percentage and time-

step (see Appendix N). This completed the quantitative analysis step of the research study.
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Example Topic Area 3 C&I Normalized
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Graph 5-4: Example of Normalized C & | Graph of plume model vs. no plume model
subgroups comparison

The results and interpretation of the results from all the analyses are organized by
the four topic areas that categorized the actions taken by the experts. Experts who
indicated they used the plume model were compared to those experts indicating they did
not use the plume modeling tool. The analyzed set of “normalized graphs” was used.
Results comparing the experts having 8 to 10 years' HAZMAT emergency response
experience to those experts with greater than 10 years’ HAZMAT emergency response
experience were also included.

5.1.1 Topic Area 1 (Perception of the elements)

While comparing the “Plume Model” and the “No Plume Model” subgroups
across the time-steps for perception, clearly both subgroups of experts’ perceived less of
a need for new or updated data in later time-steps because the graphs indicated they
progressively decreased data acquisition across time steps in the scenario for all 11
categories (See Appendices L, M, and N, Level 1). This may suggest the experts were

less likely to have completed these categories in Topic Area one. Another interpretation
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could suggest that assigning technical experts (on-site or off-site) to maintain an updated
plume model would have prompted Incident Management Team personnel to regularly
acquire and use updated data to re-project the plume as the incident response progressed.

Looking at the normalized graphs for the category, “Meteorology: surface wind
speed, surface wind direction, surface temperature, surface pressure, surface relative
humidity, precipitation, sunrise/set,” both of the “Plume Model” and “No Plume Model”
subgroups were similar at Time-Step 1, suggesting that surface meteorology was equally
important for both at the beginning of the scenario (See Graph 5-5). Also present in
Graph 5-5, by Time-Step 3, these same subgroups indicated a decrease in the need to
update surface meteorology, than increased by Time-Step 4, suggesting they might have
realized the HAZMAT incident was greater than anticipated.

Also indicated in Graph 5-5, the "No Plume Model™ subgroup increased from 2
out of 6 experts at Time-Step 2 to 4 out of 6 experts in Time-Step 5. This double increase
from the “No Plume Model” subgroup suggests the “No Plume Model” subgroup would
have a more immediate need for surface meteorology with every Time-Step because the
standard method of using the ERG triangle requires more reevaluation of the downwind
plume to ensure accuracy. This is compared to the “Plume Model” subgroup where only
2 of the 18 experts’ answers were noted at Time-Step 5. On the other hand, the “Plume
Model” subgroup procured forecasted meteorology for running the plume model and,
therefore, may have perceived less of a need for surface meteorology at Time-Step 5. In
fact, this is reflected in Time-Step 4 of Graph 5-6 for the category “Meteorology:
forecasted surface and upper air of wind speed, wind direction, temperature, pressure,

relative humidity.”
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Topic Areal C & | Normalized
Surface Meteorology
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Graph 5-5: Topic area 1 (Perception of the elements) C & | normalized—meteorology:
surface wind speed, surface wind direction, surface temperature, surface pressure, surface
relative humidity, precipitation, sunrise/set Comparing “Plume Model” vs. “No Plume
Model” Subgroups

Topic Areal C & | Normalized
Forecasted Meteorology
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Graph 5-6: Topic Area 1 (Perception of the elements) C&I Normalized—meteorology:
forecasted surface and upper air of wind speed, wind direction, temperature, pressure,
relative humidity Comparing “Plume Model” vs. “No Plume Model” Subgroups
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5.1.2 Topic Area 2 (Understanding the situation)

While considering all the normalized graphs for Topic Area 2 (Understanding the
Situation), the trends of the complete and incomplete answers were noted to gradually
decline through the time-steps for 15 of the 22 categories for both “Plume Model” and
“No Plume Model” subgroups (See Appendix N, Level 2).

Of specific note in Topic Area 2 (Understanding the Situation), capturing relevant
data for, “Ordering and managing evacuation/shelter-in-place,” the C & | normalized
graph for the “Plume Model” compared to the “No Plume Model" subgroups that 7 of the
18 of “Plume model” users had indicated very early recognition of the need to address
this, versus none for those not using plume models. Similarly at time step 2, the rate of
recognition was three times greater, as noted in Graph 5-7. While the number of
participants is too small for statistical analysis of this difference, the findings suggest
those experts from “Plume Model” subgroup perceived earlier and more accurately the

dangerous downwind hazard and comprehended the need to order evacuation/shelter.
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Topic Area 2 C&I Normalized Ordering
and Managing Evacuation/Shelter-in-
Place"Plume model" versus "No Plume
Model" subgroups
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Graph 5-7: Topic Area 2 (understanding the situation) Normalized graph for ordering and
managing evacuation/shelter-in-place Comparing “Plume Model” vs. “No Plume Model”
Subgroups

5.1.3 Topic Area 3 (Projecting the situation)

Referencing the “normalized” graphs for all 10 categories, both subgroups of
experts” C&I answers increased with each time-step (See Appendix N). This may be an
indication the experts’ actions in projecting beyond the immediate response at the
beginning of the incident, and becoming more concerned with future actions as the time-
steps progressed because the incident was larger than first perceived.

After analyzing the set of normalized graphs for Topic Area 3 (Projecting the
situation), “ldentifying the nature and magnitude of the incident for future planning
period,” Graph 5-8 presented one of the most dramatic trend lines from both subgroups.
Four out of the 18 experts who indicated they used the plume model recognized the
nature and magnitude initially at Time-Step 1. Comparatively, the experts from the “no-
plume model” subgroup indicated they did not. This may suggest the experts using the

plume model initially recognized the nature and magnitude of the incident for future
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planning compared to the non-plume model experts; however, the graph indicates the
experts from the non-plume model subgroup (as did the experts of the plume model

subgroup) steadily increased to 100% by time-step seven.

Topic Area3 C & | Normalized Identifying
the nature and magnitude of the incident
for future planning period

100%
80%
60% =—4—Plume Model
40% =~ No Plume Model
——Linear (Plume Model)
20% ——Linear (No Plume Model)
0%

Time -Steps

Graph 5-8: Topic Area 3 (projecting the situation) Normalized graph for identifying the
nature and magnitude of the incident Comparing “Plume Model” subgroup to “No Plume
Model” subgroup

Additionally, 16 of the 18 experts from the “Plume Model”” subgroup, and only 1
out of the 6 from the “No Plume Model” subgroup, was observed in Time-Step 5 from
the category, “Recognizing the HAZMAT incident is a complex incident and the need for
updated elements of plume hazard model include weather, the HAZMAT material may
change over time” (see Graph 5-9). This difference suggests the experts using the “Plume

Model” projected the HAZMAT spread to be of greater complexity compared to the “No

Plume Model” subgroup.
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Topic Area 3 C & | Normalized Recognizing the
HAZMAT incident is a complex incident
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Graph 5-9: Topic Area 3 (projecting the situation) Normalized graph for recognizing the
hazmat incident is a complex incident Comparing “Plume Model” vs. “No Plume Model”
Subgroups
5.1.4 Topic Area 4

For Topic Area 4, the "No Plume Model™ group did not achieve the definition of
this category since they did not use the plume model. Therefore, this suggests that they
most likely would not think about finding experts to develop the plume model. Topic
Area Four was defined as actions indicating the expert used the plume model as the
primary tool for HAZMAT projection. From the normalized graphs of the three
categories in Topic Area 4, the most observed (See Graph 5-10) absent category was
“ldentifying Subject Matter Experts to perform plume modeling.” Comparatively, the
“Plume Model” subgroup did indicate an early need for the subject matter expert in
Time-Step 1, and then later in Time-Step 4. This suggests that the “Plume Model” experts

projected the need for a technical expert to produce the plume model HAZMAT

projection at the beginning of the scenario.
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Topic Ara 4 C & | Normalized Identifying
Subject Matter Experts to perform
plume modeling
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Graph 5-10: Topic Area 4 Identifying Subject Matter Experts to Perform Plume
Modeling Comparing “Plume Model” vs. “No Plume Model” Subgroups

The complete (C) and the incomplete (1) answers are combined in one graph
(Graph 5-3) to determine those experts who likely used the plume model as their primary
projection tool during the simulated incident (see Appendix Level 3a). This quantitative
analysis specific to Topic Area 4 (Using the plume model for projection), “Assessing the
need for using the plume modeling tool for immediate actions and for future planning,”
illustrated a much greater use of plume modeling in the early time-steps 1 to 3 by experts
with less than and equal to 10 years’ experience subgroup; whereas, those experts with
greater than 10 years’ experience subgroup indicated regular usage only in the later time-
steps (see Graph 5-3). This suggests that the less experienced experts tended to rely on
the plume modeling earlier and the more experienced experts accessed the plume model
only after realizing the scenario was a very complex and prolonged incident. Answers
from those not using the plume model indicated they regularly re-calculated the triangle

method from the DOT Emergency Response Guide (DOT 2011).
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5.2 Summary of Findings
5.2.1 Finding 1
Although the sample population for the exploratory research study was small
(n=24), it was determined that 18 of the 24 (or 75%) HAZMAT response experts
indicated they used the plume modeling in support of their actions.
5.2.2 Finding 2
One of the results from this exploratory research study suggests the need for
assigning technical experts (on-site or off-site) to develop and then maintain an updated
plume model, which may then prompt Incident Management Team personnel to acquire
regularly and use updated data to project the plume throughout the incident response. An
important data point for accurately modeling the downwind hazard that needs regular
updating is the meteorology. It was suggested that the “No Plume Model” experts
indicated the need for updating the surface meteorology data more often as compared to
the “Plume Model” experts. On the other hand, those experts using plume modeling
indicated they needed forecasted meteorology (both surface and higher elevation
meteorological conditions) as compared to those experts who did not use plume modeling,
possibly because the expert who used plume modeling relied on forecasted meteorology
more than on surface meteorology alone.
5.2.3 Finding 3
Those experts who indicated they used plume modeling in their answers also
indicated earlier comprehension in the scenario of the need for “Ordering and managing
evacuation/shelter-in-place.” This result is important because it is a major decision by the

Incident Command. Although this decision can reduce risk to the population and save
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lives, it must be ordered with enough lead time to be effectively accomplished. In fact,
the experts who used the plume model may have identified the serious nature and
complex magnitude earlier than those experts who did not use plume modeling,
suggesting the “Plume Model” experts projected that the HAZMAT was of greater
complexity compared to the “No Plume Model” experts.
5.2.4 Finding 4
The research study results suggested that the less experienced experts (those with
8 to 10 years' experience) tended to rely on the plume modeling earlier, while those
experts with more than 10 years' experience used the plume model only after realizing the
scenario was a very complex and was becoming a prolonged incident.
5.2.5 Finding 5
Recent advances in computer technology notwithstanding, sophisticated plume
modeling has only been available to the Incident Command community for the past 10
years. The results from this research study comparing the “No Plume Model” subgroup to
the “Plume Model” subgroup do not reflect on the judgment or value of the experts'
approaches to achieving correct HAZMAT response, but merely point out the different

approaches used by the experts to achieve their desired outcome.
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Chapter 6. Conclusions

6.1 Research Plan Outline Summary

The novel technique developed in this study was the “TimeLine” for HAZMAT,
which used a query-based system design to present the incident scenario at sequential
intervals and capture the experts’ opinions (MIT 2009). This allowed the experts to
examine a time-phased HAZMAT incident. The methodology, adapted from Milton,
Watkins, and Bruch conversion mixed qualitative and quantitative model was applied in
this research (Plano Clark and Cresswell 2008). Providing a definition of an HAZMAT
Emergency Responder Expert kept the expert pool within the scope of the exploratory
research study. Outlining the 11 criteria for the case-study that was used for the scenario
provided clarity to the Timeline and credibility of the research to the expert cohort (see
Appendix J).

6.2 Research Goal

The “HAZMAT Plume Modeling Cycle” model has four steps in an iterative
cycle producing an updated HAZMAT plume projection based on new or current
information, which is made available to the Incident Management Team. The Time-line
query-based scenario was designed to stimulate the HAZMAT emergency response
expert into actions so that situation awareness was inferred while associating plume
model use.

6.3 Research Questions

RQ-1: What specific data do HAZMAT emergency responders need to collect to
develop a sufficient perception of the evolving incident (i.e., to achieve Endsley's Level 1

situation awareness) (Endsley and Garland 2000)?
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The experts' need to collect the appropriate data necessary for plume modeling is
the first step in the HAZMAT Plume Modeling Cycle, and was analyzed in Topic Area 1.
There were 11 categories that emerged from the qualitative analysis within Topic Area 1
(see Appendix O). In reviewing the quantitative results after graphically comparing the
two subgroups of experts, one subgroup by experience and the second by plume model
use, the trends indicated the experts recognized the early need for data (see Appendices L,
M and N Level 1). However, this diminished by time-step 6. Upon examining the
normalized graphs of Topic Area 1 that compared the experts who indicated they used the
plume model versus those experts who did not, three of the 11 categories across the time-
steps showed more absent answers, greater than four out of the seven time-steps per
category (see Appendix N Level 1). The experts’ answers “C” and “I” with the remaining
8 out of the 11 categories, which suggests the experts believed they had obtained the
necessary data for their actions earlier in the incident with sufficient perception of the
evolving situation. However, the data they collected generally was not "complete™ as
needed for accurate plume modeling during the Plume Model Cycle.

RQ-2: What specific actions might HAZMAT emergency responders take to
process the collected data to determine a sufficient comprehension of the HAZMAT
plume in preparing for command-level decision-making (i.e., to achieve Endsley's Level
2 situation awareness)?

Once the necessary data is obtained, the experts need to process it (described in
Topic Area 1) for sufficient comprehension of the HAZMAT plume for their decisions.
From the qualitative analysis within Topic Area 2, there were 22 categories identified

(see Appendix O). After reviewing the normalized graphs of Topic Area 2 that compared

82



the experts who indicated they used the plume model versus those experts who did not,
three of the 22 categories across the time-steps showed more absent answers, greater than
four out of the seven time-steps per category. The experts’ answers “C” and “I”” with the
remaining 19 out of the 22 categories, which suggests the experts believed they had
obtained sufficient comprehension of the HAMAT plume for their actions.

RQ-3: How can the HAZMAT emergency responders incorporate the use of real-
time HAZMAT plume modeling to enhance their projection of the current course of the
HAZMAT release, and project future HAZMAT plume behavior for applicable, proactive
decisions applying the NIMS process for developing an Incident Action Plan (IAP) (i.e.,
Endsley's Level 3 situation awareness)?

The identified categories during the qualitative analysis were from Topic Areas 3
and 4 for answering the third research question (see Appendix O). The results indicated
18 out of the 24 experts used or implied they used plume modeling in their actions
suggesting the experts used the plume model throughout the scenario to project the
HAZMAT plume and influence their actions. Interestingly, the experts who indicated
they used plume modeling may have had sufficient projections to ensure they identified
the nature and magnitude at Time-Step 1 of the scenario as compared to those experts
who did not (see Paragraph 5.1.3 and Graph 5-8).

To facilitate data capture for Research Question 3, one of the interview questions
asked of the experts at Time-Step 7 was the following: “Up to this time in the Scenario,
list some of your strategies and which ones you would place in the Incident Action Plan
(IAP)” (see Appendix K)? Five out of the 18 experts from the “plume model” use

subgroup, in answering their questions, are consistent with incorporating the HAZMAT
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plume modeling into their strategies for the 1AP. In fact, one of these experts answered,
“Plume analysis helps build the strategies for the 1AP.”

6.4 Significance

The participants who indicated they used the HAZMAT plume model during this
research study suggested that a more complete data gathering be conducted by someone,
or a team of hazard plume modeling experts, other than the senior decision maker.
Whereas, those experts who did not use the plume model indicated a constant update of
information to sketch, either visually or by hand, the hazard plume using the ERG
triangle method; consequently, this suggests a constant need for data gathering by the
decision makers.

The “HAZMAT Plume Modeling Cycle” should be identified as a critical incident
management function in these HAZMAT situations so an individual or team can be
tasked with continually updating the hazard plume model with evolving data across a
number of metereological categories. This tasking can off-load attention-requiring
activities from the decision-makers and also promote current, more accurate situation
awareness for incident decisions. Plume modeling, therefore, promotes more accurate
situation awareness for decision-makers during an outdoor airborne HAZMAT release
compared to the standard triangle approach, such as the ERG.

6.5 Limitations of the Research

Due to the limited number of available experts (n=24) to participate in the study,
the sample size was too small to conduct a meaningful statistical comparison among the
subgroups for regression or ANOVA analyses. Additionally, the sample population was

drawn from the East Coast of the United States because of the geo-location of the
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researcher. This could create an unintended bias in the data. The research study could be
strengthened with a defendable null hypothesis if a larger, more statistically meaningful
analysis could be conducted.

Though the data was collected using the Time-line software, the interviews were
conducted through time-consuming, one-on-one conversations. The researcher had to
carry the laptop to the location convenient to the interviewee to collect the data. Having
the Time-line available on-line would provide easier accessibility and, therefore, open to
a larger demographic cohort.

This study consisted of exploratory research on a topic that has not previously
received much research attention. Future research in this area may benefit from
improvement in the questions that could provide more clarity in expert answers and,
therefore, reduce the analysis time. Though the questions were open-ended, they could
have been more narrowly focused on the topic areas related to specific emergency
response actions and the use of plume modeling. Additionally, it was determined that
Time-step 6 did not have adequate interview questions to prompt answers for analysis in
Topic Areas 3 and 4, indicating an oversight not recognized during the pilot portion of

the research study.

6.6 Suggestions for Future Research

Though the interviewed experts were very cooperative, obtaining 24 experts in
this highly specialized field of study was challenging. In fact, it was more difficult to
attract civilian experts to participate than the professionals from active duty military and

CSTs. Referral or word-of-mouth referrals seemed to work the best in this interview
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setting, but future use of the Timeline in a web-based on-line interview may widen the
expert pool. In fact, the significant impact of the “TimeLine” design on a future study is
that the methodology could be used for on-line service (MIT 2009). The conversion
mixed methodology worked well for this exploratory research but can be improved in
future studies. Since this was exploratory research, testing the interview questions with a
more specific pilot design would have been helpful and may have prevented the missed
opportunity to Topic area 4 and time-step 6, where there was a lack of answers by all
subjects, as shown in Graph 5-2. Therefore, time-step six was removed so as not to skew
the analyses.

If placed available on-line, the Timeline scenario could be changed from an
outdoor airborne HAZMAT incident with anhydrous ammonia to other hazardous
chemicals, biological agents, nuclear, and radiological incidents. The locations may also
vary from rural to suburban and urban environments. Additionally, the expert pool could
expand geographically to include all the United States, and, functionally, to include
experts from the medical community, as an example.

As mentioned, no statistical analysis could be performed on the data collected
because of the limited number of available experts (n=24). With a greater sample
population size, comparison analysis using a similar research design could be considered
in the future research. Additional questions could be included in a Likert-type scale to
introduce more quantitative analysis (Likert, 1932).

Because these emergency response situations are inherently complex with great
risk to nearby communities, incident commanders may consider automatically activating

and staffing a Situation Unit Leader position as part of the initial Incident Management
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Team deployed to an outdoor, airborne HAZMAT incident. Currently, the US
Department of Homeland Security describes the All-Hazards Situation Unit Leader's
responsibilities to include “processing information and intelligence and developing
displays,” necessary to maintain situation awareness for the incident management team
(DHS 2014). In these HAZMAT situations, duties would include regularly updating the
factors considered by the selected plume model software, and maintaining a current
plume model for action planning use. Future studies may explore the many different uses
of plume modeling and how consistency would be managed across the range of incident
decision-makers. Additional details for fully integrating the plume model cycle into the
IAP cycle for optimally current plume projections, and the required tasks for the Situation
Unit Leader, may also be investigated.

It was interesting to note that all participating experts used the ERG triangulation
methods to calculate initial plume behavior, even those who also used plume modeling.
This method is usually sufficiently accurate for small, short duration releases. A
prolonged, large release of compressed gas may hug the terrain (due to the lowered
temperature as the gas expands) and later is affected by upper level air streams (which
could be very different from those at ground level used in the ERG calculation).
Situations with this level of complexity are where the ERG and Plume models may
diverge in accuracy. If the wind is shifting, those using ERG triangulation in a sustained
release need to calculate triangulation from the point of release for each time period
where the wind is different. Future scenarios could include this complexity to more
clearly determine who is using the plume model, since that will more accurately

approximate the evolving situation provided to the participants. This type of complex
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HAZMAT situation, fortunately is very rare in US emergency response experience. Use
of these scenarios may drive home the importance of using an effective plume modeling
program within a plume model cycle to provide optimal situation awareness for response

decision-makers.
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Appendix A Incident Command System Organizational Framework (FEMA, 2007)
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Appendix B Field Trial Documentation of HPAC

Summary of experiments for HPAC V&V

(Note: All Referenced Documentation to scaled tests are DoD Classified For Official Use Only
(FOUO) (Law Enforcement Sensitive (LES) equivalent) or Higher Therefore not Releasable Except
Where Identified ****)

Source Terms

Bio Facility Sources - 100 scaled tests and DIPOLE ORBIT 1 & 5, DIPOLE
EAST 159

Chem Facility Sources - Validated only with SHARC code

Nuclear Facility Sources - Derived from legacy RASCAL code; NRC and EPA
doc.

Chem/Bio Weapon Sources - Derived from legacy code

NUSSE & VLSTRACK codes

Nuclear Weapon Sources - Derived from legacy NEWFALL/DELFIncident

Commanders codes

TRANSPORT

Complex flow - Excellent comparison with analytic concentration for
Smolarkiewicz flow

ANATEX - SF6 release at continental scale ( VVarying Stability)

KINCAID - SF6 release at mesoscale (Very Unstable through Stable)

SIESTA - SF6 release at mesoscale (Neutral Stability in complex terrain )

HANFORD- Krypton 85 at short range (Slightly Unstable through Very Stable)

HPAC End-to End

WEST SIDE (8 trials assuming flat terrain) - BT line release (Stable)

B5141a&b - Dry Bio bomblet ( Very Stable; Good Met data unavailable)

C509A - Thickened VX line source (Neutral: Good Met Data unavailable)

BC412D-1 - GB Bomblet (1 of 12 trials)

CRYSTAL MIST - Beads for TMD at altitude - Qualitative comparison

DIPOLE ORBIT 1 &5 - SF6, BT, BG, Indium tracers ( Slightly Unstable
and complex terrain)

Over 100 DTRA/DSWA/Collateral Effects Team sponsored field and laboratory scale
tests have been conducted for the purpose of characterizing NBC agent expulsion from
various weapon detonations on production/storage facilities. The issues here include
weapon/target interaction, agent mass entrainment and viability, and initial plume
expulsion. The weapon/target interaction was modeled using codes developed under
previous nuclear-blast oriented DSWA programs. These codes have been benchmarked
for NBC applications using the exploratory test data sponsored by the Collateral Effects
Team of DTRA/DSWA.
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Summary of source term components in HPAC.

Facility Source Terms Section in  Status

Document
Biological - internal 2.1 extensive validation based on STEP,
environment Dipole series and 100 other subscale
tests
Biological - expelled 2.1 extensive validation based on STEP,
mass Dipole series and 100 other subscale
tests
Biological - plume 2.1 partial validation based on STEP,
sizelrise Dipole series.
Chemical - internal - very minimal validation - 1997
environment validation plans to include Dipole
Tiger* data. Some subscale test data.
Chemical - mass 2.1 very minimal validation - 1997
distribution validation plans to include Dipole
Tiger* data.
Weapon Source Terms
Nuclear 2.3 based on legacy code - Newfall
Chemical 2.3 based on legacy code - NUSSE
Biological 2.3 based on legacy code - VLSTRACK

e Dipole Tiger is a set of 3 chemical facility detonation experiments planned for
1997.

e Summary of SCIPUFF components in HPAC.

SCIPUFF T&D Section in  Status

Components Document

Long Range Transport - 3.2.3.3, some validation of horizontal dispersion

dispersion above PBL* App. D and puff shear algorithms using
ANATEX data set.

Med/Short Range 3.3, App.  extensive validation as part of the

Transport dispersion E EPRI** validation program

within PBL*

Primary Evaporation - App. C some validation - 1997 plans include

for chemical materials additional analysis of Dugway trials.

Secondary Evaporation-  App. C some validation - 1997 plans include

for chemical materials additional analysis of Dugway trials.

Nuclear/Bio Decay 2.2, extensive validation - nuclear
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Deposition velocities

Dense gas

Probability Density

App. F-H

Functions - mean/variance

Puff Merging and
Splitting - handles wind
shear

Rain out

App.J

partial validation - bio

partial validation - dry deposition as
function of surface, humidity,
turbulence

validation not documented - 1997 plans
to document.

extensive validation

numerical validation of algorithm.

validation not documented - 1997 plans
to document.

* PBL = planetary boundary layer

** Electric Power Research Institute, Palo Alto, CA.

Summary of weather and wind-field flow models in HPAC.

Meteorology Models Sectionin  Status
Document

RAMS - prognostic 4.3 extensive validation

OMEGA - prognostic 4.2 Code still under development. Partial
validation - on many components,
extensive validation on others - 1997
plans for additional validation.

MINERVE - mass 4.1 extensive validation for older versions,

consistency model

1997 plans for software verification.

Summary of System-level validation in HPAC.

End-to-End Modeling

Section in  Status

Document
Dipole Orbit 1 51 Demonstrated ability to predict biological
mass expulsion and source geometry.
Demonstrated Minerve/SCIPUFF ability to
predict tracer and BG transport to 30 km.
3 December 1995 Identification of BG to 62 km.
B5141A/B - Dugway 5.2 Predictions of area concentration contours
tests within factors* of 0.4 to 3 for dry bio
Year - 1961 agent.
B509A - Dugway tests 5.2 Thickened VX - deposition contour
Year - 1961 predictions within 11 to 32% of data.
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BC412 - Dugway tests 5.2
Trial D-1.

Year - 1965-1966

Westside - Alaska 5.2

Year - 1965

GB - secondary evaporation component
important here. Dosage contours within
factors of 2 of measured.
BG bio agent under stable conditions. 92%
of ratios* within factor of 3 and 77% were
within factor of 2. 251 data points.

* Factor or ratio is the value from dividing the predicted value by the measured value.

Summary of HPAC comparisons to Historical CB Field Trials.

Name (Location) Agent
Reference

Source Type  Challenge
Measure

Trials (Datum)

C509, DPG* TVX sim.
Ref: 2

DRES**, Canada GD

Ref: 3

DPG GB

Ref: 4

B5141, DPG BG,UL
Ref: 5

Bulk: Line Axial

Source Deposition and
Area
Sprayer Deposition Area

750 Ib bomb  Dosage (3

different times)
E134 Dosage Area

Bomblet

6 (112 datum)

3 (41 datum)
1 (32 datum)

6 (54 datum)

* DPG - Dugway Proving Ground, Utah
** DRES - Defense Research Establishment, Suffield Canada

Measures of Effectiveness for 4 CB Historical Trials.

Challenge Measure Trail AADF AADF
Summary
Axial C509
Deposition Trial A-2 5.63
Trial B-1 4.24
Trial C-1 4.20 4.54
Trial D-1 3.02
DRES
Trail 10 5.32
Trail 11 4.85
Deposition C509
Area Trial A-2 2.34
Coverage Trial B-1 2.19 2.52
Trial C-1 2.03
Trial D-1 3.50
Axial Dosage DRES
Trial 10 1.13
Trial 11 1.13 2.25
Trial 12 5.03
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750 Ib Bomb

(at 30 minutes) 1.69

Dosage DPG/750 Ib Bomb

Area (at 30 seconds) 2.53

Coverage (at 2 minutes) 3.03 2.88
(at 10 minutes) 3.09

Dosage B5141

Area Trial A-1 9.15

Coverage Trial A-3, BG 4.05
Trial A-3, UL 11.88 7.41
Trial A-5, BG 5.40
Trial A-7, BG 5.27
Trial A-7, UL 8.68

****Qpen Source Verification and Validation Documentation

Comprehensive Validation Technical Reports:

1.

Initial Verification and Validation of HPAC 1.3, Scott Bradley et al., Logicon RDA,
Alexandria, VA, DSWA-TR-96-88, November 1997

Verification and Validation of HPAC 3.0, Scott Bradley et al., Logicon RDA,
Alexandria, VA, DSWA-TR-98-66

Validation of HPAC for Analysis of Downwind Hazards for Blast Events, Thomas
Mazzola et al., Logicon RDA, Alexandria, VA, Proceedings of the 15 International
Symposium on Military Aspects of Blast and Shock, p.135

Comparisons to Other Codes and Field Data:

4.

Evaluation of CALPUFF, HPAC, and VLSTRACK with the Dipole Pride Field Data,
Joseph Chang, presented at the Third Annual George Mason University Transport and
Dispersion Modeling Workshop, 28-29 July 1999, Krasnow Institute, GMU, Fairfax,
VA.

Independent Evaluation:

5.

Second Order Closure Integrated Puff (SCIPUFF) Model Verification and Evaluation
Study, Carmen Nappo, et al., NOAA, Air Resources Laboratory, May 1998

Comparisons to Historical CB Data:

6.

Analysis of Dugway Proving Ground Test Series BC412 (Phase D) with HPAC, Ray
Ross, Logicon RDA, Los Angeles, CA, LRDA-TR-211-7261-3103-001, November
1997. To be publishes as DSWA-TR-97-107
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7. Initial Validation of HASCAL 2.1, SCIPUFF V0.625.2R With HPAC 2.0, Douglas E.
Vanderveer, Simulation Technologies, Inc., Dayton, OH, January 1998

Comparisons to High Altitude Data:

8. SCIPUFF Validation at High Altitudes Using CRYSTAL MIST Data, Steve Diehl,
Kaman Sciences Corporation (now ITT), Colorado Springs, CO, K97-59U(R), 19
September 1997

Comparisons to Validation Field Trials:

9. Comparison of DSWA Phase | Trials Data with SCIPUFF Calculations in the
Relative Diffusion Framework, Dev Srinivasa, Logicon RDA, Los Angeles, CA,
LRDA-TR-211-7261-3101-001, July 1997

10. HPAC 3.1 Predictions Compared to Dipole Pride 26 Sampler Data, Scott Bradley,
Logicon RDA, presented at the Third Annual George Mason University Transport
and Dispersion Modeling Workshop, 28-29 July 1999, Krasnow Institue, GMU,
Fairfax, VA

11. Verification and Validation of SCIPUFF’s Probabilistic Prediction Capability, TTCP
Technical Report, Subcommitte on Non-Atomic Military Research, The Technical
Cooperation Program, Technical Panel 9, Chemical and Biological Defense Group,
Mr. James Bowers (trinational chairman), Dugway Proving Grounds, UT, March
1998

Probabilistic Comparisons:
12. Validation of HPAC with Probabilistic Dispersion Trials, Thomas Mazzola and Dev
Srinivasa, Logicon RDA, Alexandria, VA, Proceedings of the American Nuclear

Society, Seventh Topical Meeting on Emergency Preparedness and Response, Santa
FE, NM, 14-17 September 1999
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Appendix C Questionnaire
Research Study Participation Questionnaire Form

You are receiving this questionnaire because you provided the researcher your signed consent
volunteering to participate in this research study, Understanding the Application of Situation
Awareness to First Responders' Decisions During an outdoor airborne HAZMAT incident
Response. Taking part is completely voluntary and even if you decide to take part and then
change your mind, you can quit at any time; and, all personal information is held in confidence.
Once you fill in the appropriate answers, please attach it and reply to the original email. The
researcher will contact if you are selected to participate.

Name:

Job Title:

Job Description:

How long have you been working in this capacity? (years)

How long have you had experience in HAZMAT response?(years)

Indicate what certifications and/or training you received...Please place an “X” in all the
appropriate boxes provided that apply. If not listed, please write a short description in the
“other” space available.

Description Please and “X” to All That
Apply to You

Standards as a HAZMAT Technician / Specialist as outlined in National Fire
Protection Agency (NFPA) 472

Minimum 40 hours of Hazardous Waste Operations

Emergency Response Standard (HAZWOPER) / HAZMAT Training
Certification as outlined by Occupational Safety and Health Administration
(OSHA), or equivalent training. (NFPA 2002, OSHA 2007)

Incident Commanders 100, 200, 300, etc (please specify below in other
training, HPAC other HAZMAT plume modeling)

Other training that you have accomplished that was not mentioned in the above table:

Thank you
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Appendix D PHMSA Incident Reports Database Search

1 Office of Hazardous Materials Safety Incident Reports Database Search
PHRSA Hazmal Home
Source: Hazmat Intelligence Portal, U.5.Department of Transportation. Data as of 1/8/2013.
BART N - GENERAL INCIDENT INFORMATION

3 Date of Incident Fram: 077011900 To 01022 [mmedddinyyy)
T. Locaon of incident city, (Degins] Stale Selec - Iip Cooe (contains)
incidend Roule [contains)

8 Mode of Transpotation: [ Flair (Frughway ¥Rzl [ water (V] omer

& Transponakon Phase In Transit || Loading || Unicading | In Transil Storage
10, CamiwnRaporber NHama: [containg)
Siale. Select - Zip Code (contains)
11. ShipperOfterar MEme |cantans
12 Origin: City. (contains) Stale: Select - Jip Code: (contains)
14 Proper Shipping Hame of Hazardous Matenal (contains)
16, Hazardous Class/Dhision Code (Begins 17, Identification Number [eantxing)
PART I - PACKAGING INFORMATION
B0 Packugng Tox Non-Bulk [1BC 7] Cargo Tank Motor Vehicle (CTMY) | Tank Car
Cylnder || RaM || Portable Tank Other

What Failed [contains) How Failed (contains)
25 Incigent Cause

Causes of Failure (contains)
PART IV - COMSEQUENCES
O RESUN STINGONL [ oy e 7| Fire Explosion ¥ Material Entered Walerway/Storm Sewsr

| VaporiGas) Dispersion ¥ Environmental Damage | Ho Release
33a Did e hazardous material cause or conbribule o & human fatality? YES = 36 Was 3 major ranspodtalion anery or iaclly closed? Salsct =
34 [Ond the hazardous maternal causs of confribute bo personal injuny?  YES = 37 Was the matenial involved in a crash or deraliment? Selsct =
35 Did he hazardous malenal cause of coninbute o an evacuation?  Sslsct ~

OTHER

Reporn Murmbsar {conains ) Senous Incident Salec -
Container Code Dietait {contains) Undedlared Shipment Selecst -
Gensral Package Type:  Select -
DISPLAY DPTIONS: Display 250 = resufis per page

 Clear || Search -

=)
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Appendix E PHMSA Search Results

Total Total Total
Total Hazmat |Hazmat |Amount |Mode of

Report id Date of Time of |Quantity [Identification Hazmat (Hosp NonHosp [of Transpor
Number |City State id id I d C dity Long Name Class Fatalities |Injuries |Injuries |Damages |tation

GASOLINE INCLUDES

GASOLINE MIXED WITH ETHYL

ALCOHOL WITH NOT MORE
1-2000120¢ MILLCREEI OH 10/25/2000 905 8698 UN1203 THAN 10% ALCOHOL FLAMMABLE - COMBUSTIBLE LIQUID 2 1 0 0 Highway
1-2004080° FORT MYE FL 7/2/2003 1407 0 UN0335 FIREWORKS EXPLOSIVE FIRE HAZARD 5 1 0 216795 Highway

GASOLINE INCLUDES

GASOLINE MIXED WITH ETHYL

ALCOHOL WITH NOT MORE
E-2007050 ST. PETERS FL 3/28/2007 2245 8000 UN1203 THAN 10% ALCOHOL FLAMMABLE - COMBUSTIBLE LIQUID 1 0 2 3150000 Highway

PETROLEUM GASES LIQUEFIED
1-2001060: KILGORE  TX 10/22/2000 1205 8000 UN1075 OR LIQUEFIED PETROLEUM GAS FLAMMABLE GAS 1 1 0 173489 Highway
X-200907C CHERRY V. IL 6/19/2009 2045 0.000026 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 28796 UN1987 ALCOHOLS N.O.S. FLAMMARBLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 27000 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 23238 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 28796 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 28786 UN1987 ALCOHOLS N.O.S. FLAMMARBLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 28729 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 25800 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 26357 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 20267 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 28776 UN1987 ALCOHOLS N.O.S. FLAMMARBLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
1-2002080: BEDFORD IL 7/10/2002 630 55 UN1294 TOLUENE FLAMMABLE - COMBUSTIBLE LIQUID 1 1 0 65500 Highway
X-200907C CHERRY V. IL 6/19/2009 2045 25667 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 20700 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 11051 UN1987 ALCOHOLS N.O.S. FLAMMARBLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
1-2001080! RIVERVIE\ MI 7/14/2001 348 0 UN1017 CHLORINE POISONOUS GAS 3 1 16 0 Rail
1-2001080! RIVERVIE\ MI 7/14/2001 348 0 UN1064 METHYL MERCAPTAN POISONOUS GAS 3 1 16 0 Rail
X-200907C CHERRY V. IL 6/19/2009 2045 0.000026 UN1987 ALCOHOLS N.O.S. FLAMMABLE - COMBUSTIBLE LIQUID 1 2 6 2700000 Rail
1-2009080! SWANSEA SC 7/15/2009 757 115.2155 UN1005 AMMONIA ANHYDROUS NONFLAMMABLE COMPRESSED GAS 1 0 7 700 Highway

GASOLINE INCLUDES

GASOLINE MIXED WITH ETHYL

ALCOHOL WITH NOT MORE
1-2003120¢ ROCHESTENY 4/29/2003 106 12000 UN1203 THAN 10% ALCOHOL FLAMMABLE - COMBUSTIBLE LIQUID 1 0 10 50603 Highway

GASOLINE INCLUDES

GASOLINE MIXED WITH ETHYL

ALCOHOL WITH NOT MORE
1-2003060: PAYSON  AZ 5/6/2003 1418 8657 UN1203 THAN 10% ALCOHOL FLAMMABLE - COMBUSTIBLE LIQUID 1 1 1 143000 Highway
1-2007120¢ LAKE DALLTX 11/15/2007 1340 0 NA1993 DIESEL FUEL FLAMMARBLE - COMBUSTIBLE LIQUID 1 1 0 1026553 Highway
1-2010100: JERSEYVIL IL 9/13/2010 2033 50 UN1075 LIQUEFIED PETROLEUM GAS FLAMMABLE GAS 1 1 0 54122 Highway
E-2011100 ROSEHILL KS 8/2/2011 200 13000 UN1978 PROPANE FLAMMABLE GAS 1 0 1 165000 Highway
1-2005120: TEXARKANAR 10/15/2005 506 22736 UN1077 PROPYLENE FLAMMABLE GAS 1 20 1 26542 Rail

PETROLEUM GASES LIQUEFIED
1-2001010¢ PLANKINT SD 11/17/2000 1725 10 UN1075 OR LIQUEFIED PETROLEUM GAS FLAMMABLE GAS 2 1 0 4000000 Highway
E-2007100 TACOMA WA 10/6/2007 1530 1336.8 UN1075 LIQUEFIED PETROLEUM GAS FLAMMABLE GAS 1 3 0 1151000 Highway
1-2005020° GRANITEV SC 1/6/2005 239 2005.2 UN1017 CHLORINE POISONOUS GAS 9 77 554 8018600 Rail

CARBON DIOXIDE
1-2009080! STAR Ms 7/26/2009 1130 4895 UN2187 REFRIGERATED LIQUID NONFLAMMABLE COMPRESSED GAS 1 1 1 976200 Highway
1-2004100¢ MACDON, TX 6/28/2004 503 0 UN1017 CHLORINE POISONOUS GAS 3 14 52 0 Rail
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Appendix F NTSB Reports

Title [Date | | NTSB # NTIS #
Cargo Hose Rupture and Release of Anhydrous
Ammonia During Offloading of a Werner HZM-12-01- PB2012-
. X 7/15/2009 4/12/2012 Swansea SC
Transportation Services Cargo Tank Motor SUM 917002
Vehicle at the Tanner Industries Plant
U
Collision of Cargo Tank Truck and Automobile 'pper
. 7/1/2009 11/12/2009 Pittsgrove NJ HzB-09-01
and Subsequent Fire .
Township
Cargo Fire Involving Lithium-lon Batteries 8/7/2004 9/26/2005 Memphis TN HZB-05-01
Rupture of a Railroad Tank Car Containing PB2004-
9/13/2002 12/1/2004 F t X HZM-04-02
Hazardous Waste /13/ /1 reepor 917003
Release of Hazardous Materials From Cargo .
i . . 8/22/2003 17/22/2004 Middleton OH HZB-04-01
Tank in Middletown, Ohio
Nurse Tank Failure with Release of Hazardous PB2004-
) 4/15/2003 6/22/2004 Calamus IA HZM-04-01
Materials 917001
Dana Transport, Inc., MC-307 Cargo Tank
Catastrophic structural failure of cargo tank South
atastrop & 1/5/2002 8/21/2003 WV HZB-03-01
involving 5,152, gallons of polypropylene Charleston
glycol
Release and Ignition of Hydrogen Following
the Collision Between a Tractor/Semitrailer PB2002-
) ) ,/ 5/1/2001 9/17/2002 Ramona OK HZM-02-02
with Horizontally Mounted Cylinders and a 917003
Pickup Truck
Hazardous Materials Release From Railroad PB2002-
) ] 7/14/2001 6/26/2002 Riverview Mi HZM-02-01
Tank Car With Subsequent Fire 917002
Rupture of a Railroad Tank Car Containing 2/19/1999  3/5/2001 Clymers N HZM-01-01 PB2001-
Hazardous Waste y 917002
Spill of an undeclared shipment of hazardous
materials in a cargo compartment of an aircraft 10/28/1998 5/17/2000 Memphis TN HZB-00-01
Northwest Airlines Flight 957
Chemical Reactions During Cargo Transfer 11/19/1998 6/13/2000 Louisville KY HZB-00-02
Chemical Reactions During Cargo Transfer 16/4/1999 6/13/2000 Whitehall Mi HZB-00-03
Overflow of Gasoline and Fire at a Service PB99-
8/9/1998 9/21/1999 Biloxi MS HZM-99-02
Station-Convenience Store /9/ /21/ toxi 917005
Fire and Explosion of Highway Cargo Tanks, PB99-
6/29/1998 9/21/1999 Key West FL HZM-99-01
Stock Island 917005
Failure of Tank Car 3417 and Subsequent PB98-
L 4 11/22/1997 12/1/1998 Pasadena TX HZM-98-01
Release of Liquified Petroleum Gas 917007
Tank Car Failure and Release of Corrosive and
i L 4/2/1997 11/17/1998 Pasadena TX HzB-98-04
Poisonous Liquid,
Tank Car Structural Failure with the Release
. 3/6/1996 4/20/1998 Selkirk NY HZB-98-03
and Ignition of Propane
Tank Car Failure and Release of Flammable
o 2/7/1996 4/20/1998 Sweetwater TN HZzB-98-02
and Toxic Liquid
Tank Car Failure and Release of Poisonous and
Corrosive Vapors, Gaylord Chemical 10/23/1995 1/27/1998 Bogalusa LA HZzB-98-01
Corporation
i AG PB95-
Tank Car Failure and Release of Arsenic Acid 6/6/1994 2/22/1995 Chattanooga TN HZM-95-01 917003
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Appendix G Interview Questions Worksheet
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Per this scenario, what decision(s) do you have to make at
HOtoH+1 RQ3-1-1 this pointin time X X X X X X X X
Per this scenario, what information do you need to be
HOtoH+1 RQl-1-1 able to make these decisions X X X X X X X
Per this scenario, what information would you like to have
HOtoH+1 RQ2-1-1 if datais known X X X X X X X
Per this scenario, how would you implement these
HOto H+1 RQ3-1-2 decision(s) X X X X X X X X
On ascale of 1to 7, please rate the following question: Per
this scenario, do you have sufficient data to comprehend
HOto H+1 RQ3-1-3 the current situation and make informed decisions X X X X X X X X X X
Per this scenario, how do you ensure the information you
H1toH+2 RQ3-2-1 have received so faris correct? X X X X X X X X
Per this scenario, what information do you need to be
H1toH+2 RQ1-2-1 able to make these decisions X X X X X X X
Per this scenario, what information would you like to have
H1toH+2 RQ2-2-1 ifdataisknown X X X X X X X
Per this scenario, how would you implement these
H1ltoH+2 RQ3-2-2 decision(s) X X X X X X X X
On ascale of 1to 7, please rate the following question: Per
this scenario, do you have sufficient data to comprehend
H1toH+2 RQ3-2-3 the currentsituation and make informed decisions X X X X X X X X X X
Per this scenario, what decision(s) do you have to make at
H2toH+3 RQ3-3-1 this pointin time X X X X X X X X
At this time in the scenario, have you changed any of your
H2toH+3 RQ1-3-1 decisions based on updated information? X X X X X X X
Per this scenario, how do you inform or prepare to inform
H2to H+3 RQ2-3-1 the public and what information do you tell them? X X X X X X X
On ascale of 1to 7, please rate the following question: Per
this scenario, do you have sufficient data to comprehend
H2to H+3 RQ3-3-4 the currentsituation and make informed decisions X X X X X X X X X X
Per this scenario, what decision(s) do you have to make at
H3toH+6 RQ3-4-1 this pointin time X X X X X X X X
Per this scenario, what information do you need to be
H3toH+6 RQl-4-1 able to make these decisions X X X X X X X
Per this scenario, what information would you like to have
H3toH+6 RQ2-4-1 ifdatais known X X X X X X X
Per this scenario, how would you implement these
H3toH+6 RQ3-4-2 decision(s) X X X X X X X X
On ascale of 1to 7, please rate the following question: Per
this scenario, do you have sufficient data to comprehend
H3to H+6 RQ3-4-3 the current situation and make informed decisions X X X X X X X X X X
Per this scenario, how do you ensure the information you
H6to H+9 RQ2-5-1 have received so faris correct? X X X X X X X X X
At this time in the scenario, have you changed any of your
H6to H+9 RQ3-5-1 decisions based on updated information? X X X X X X X X X
Per this scenario, how do you inform or prepare to inform
H6to H+9 RQ1-5-1 the public and what information do you tell them? X X X X X X X X
At this time in the scenario, which decisions are
H6to H+9 RQ3-5-2 recoverable and which ones are not? X X X X X X X X X
On ascale of 1to 7, please rate the following question: Per
this scenario, do you have sufficient data to comprehend
H6to H+9 RQ3-5-3 the current situation and make informed decisions X X X X X X X X X X X
Per this scenario, what decision(s) do you have to make at
H9to H+12 RQ3-6-1 this pointin time X X X X X X X X X X X X X
Per this scenario, what information do you need to be
HIto H+12 RQ1-6-1 able to make these decisions X X X X X X X X X X X X
Per this scenario, what information would you like to have
H9to H+12 RQ2-6-1 if data is known X X X X X X X X X X X X
Per this scenario, how would you implement these
H9to H+12 RQ3-6-2 decision(s) X X X X X X X X X X X X X

On ascale of 1to 7, please rate the following question: Per
this scenario, do you have sufficient data to comprehend
H9to H+12 RQ3-6-3 the current situation and make informed decisions X X X X X X X X X X X X X X X
Up to this time in the scenario, list some of your strategies
and which ones would you place in the Incident Action

H12 + RQ3-7-1 Plan (IAP)? X X X X X X X X X X X X X
Per this scenario, what resources do you place on a need

H12+ RQ1-7-1 from others? X X X X X X X X X X X X
At this time in the scenario, which decisions are

H12 + RQ2-7-1 recoverable and which ones are not? X X X X X X X X X X X X
At this time in the scenario, have you changed any of your

H12+ RQ3-7-2 decisions based on updated information? X X X X X X X X X X X X X

On ascale of 1to 7, please rate the following question: Per
this scenario, did you have sufficient data to comprehend
H12 + RQ3-7-3 the current situation and make informed decisions X X X X X X X X X X X X X X X
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Appendix H Timeline Scenario Details

timeline_data

Background - Prior to event

Weather forecast station located 15 miles from the city reports the following for the 24
hours: It is hazy early morning in January stars are visible, there is slight breeze from the
east 3kts, temperature is 40 degrees Fahrenheit.

(Rl ' i

There is a city near railroad junction with its population centered to the west of a Railroad
Junction. There are 12 historic sites dotted around the city. Tallest building is 6 stories.
Terrain is moderately sloping from the base of steep mountains east of the city. The
railroad junction is manned 24 hours but with only a skeleton nightshift crew. Most of the
nighttime city population is focused in the historic district which is towards the west side
of the junction. For the past 42 years, the railroad freight cars that pass through have off
loaded chlorine and ammonia which are used at the local industrial factories. Each railcar
carries 33,800 gallons of liquefied chlorine or ammonia in pressured rail car containers.
Rail car type is Serial Number 112J340W. There is usually upwards of 10 freight cars
with chlorine/ammonia that dock and off-load overnight. The local fire department is
located north of the Rail Junction and its response is approximately 25 minutes from the
junction; and once alerted, the HAZMAT unit responsible for the city is 45 minutes
response time.
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@ Ground Truth Event @ Communication @ Questions

@ Fire Trucks @ Accident Cleared @ Explosion @ Evacuation @ Second Plume Analysis
@ First Plume Analysis @ HAZMAT called @ HAZMA
@ HAZMAT description

@ Rail Car DOT number
@ Health effects - Firemen

@911 calls fire department @911 calls - pets @ Eye Witness Reports
@ 911 receiving fire reports @ Eye Witness Reports. @911 calls - health effe

@911 incoming calls @ Weather report @ 911 calls - Grandparents
@ Questions HO-H1 @ Ques

To move the Timeline: use the mouse scroll wheel, the amow keys or grab and drag the Timeline. Please answer the questions in sequence fiom left to right, starting with *Quesions H0 to H1" through “Questions H12+"
You cannot skip forwad but you can go back to edit previously answered questions

® Ground Truth Event @ Communication @ Questions

is @ Third Plume Analysis @ Forth Plume Analysis @ Sunrise @ Fifth Plume Analysis
@ HAZMAT arrives
@ Weather update @Hospital reports @ Weather update @ Eye Witness Reports
health effects spread @911 has over 100 reports @ Eye Witness Reports
© @ Questions H1-H2 @ Questions H2-H3 @ Que:
1
{

To move the Timeline: use the mouse scroll wheel, the arrow keys or grab and drag the Timeline. Please answer the questions in sequence from left to right, starting with "Quesions HO to H1" through "Questions H12+"
You cannot skip forwad but you can go back to edit previously answered questions

® Ground Truth Event @ Communication @ Questions

@ Plume Analysis Updated

@ Hospital update @ Weather update

Spme

4@ Questions H3-H6 @ Questions HE-HY

ine

el

To move the Timeline: use the mouse scroll wheel, the arrow keys or grab and drag the Timeline. Please answer the questions in sequence from left to right, starting with "Quesions HO to H1" through "Questions H12+"
‘You cannot skip forwad but you can go back to edit previously answered guestions.

@ Ground Truth Event @ Communication @ Questions

@ Hospital update @ Eye Witness Reports

o & SIMILE

@ Questions H6-HI @ Questions H-H12 @ Questions H12+

To move the Timeline: use the mouse scroll wheel, the amow keys or grab and drag the Timeline. Please answer the questions in sequence from left to right, starting with "Quesions HO0 to H1" through "Questions H12+"
You cannot skip forwad but you can go back to edit previously answered questians

events :
start: Jan 30, 2012 02:31:00 GMT,
title: 911 incoming calls,
description: There are 911 in-coming calls with reports that there was a large explosion

sound that woke several citizens.,
type: communication

start: Jan 30, 2012 02:45:00 GMT,
title: 911 receiving fire reports,
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description: 911 dispatch is receiving reports of fire and possibly smoke or a cloud
coming from the rail junction area.,
type: communication

start: Jan 30, 2012 02:50:00 GMT,

title: 911 calls fire department,

description: 911 dispatch calls the fire department, stating: There is a fire at rail
junction.,
type: communication

start: Jan 30, 2012 02:55:00 GMT,

title: Fire Trucks,

description: Fire trucks are in route but delayed because of an auto accident at 1st and
Main streets.,
type: event

start: Jan 30, 2012 03:58:00 GMT,

title: Questions HO-H1,

description: “TimelineQuestions/HO_to_H1.accdb”>ND>Questions HO-H1/ND>/a>,
type: question

start: Jan 30, 2012 03:20:00 GMT,

title: Accident Cleared,

description: Accident cleared and dispatched fire vehicles proceed on to the scene.,
type: event

start: Jan 30, 2012 03:25:00 GMT,

title: Eye Witness Reports,

description: Eye witness reports coming into emergency communications stating they
see a large fire with smoke “over the rail yard.”,
type: communication

start: Jan 30, 2012 03:25:00 GMT,

title: Weather report,

description: Weather reported from the airport (which is estimated to be 30 miles away
from the incident): winds light and variable, temperature 41 degrees Fahrenheit visibility
2 miles with haze.,
type: communication

start: Jan 30, 2012 03:26:00 GMT,

title: First Plume Analysis,

description: Plume Analysis (ALOHA) When Where What: 30 January, 2012 0931
UTC(2); 41.24436N lat 111.9829W long; GMT ammonia Weather used is observed
CAMEO/ALOHA Plot
type: event
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start: Jan 30, 2012 03:40:00 GMT,

title: 911 calls - pets,

description: 911 dispatch receives calls with reports of outdoor pets acting strangely
with shallow barking and wandering without direction.,
type: communication

start: Jan 30, 2012 03:45:00 GMT,

title: Health effects - Firemen,

description: Prior to the fire trucks arriving at the rail junction area, the air is rancid
and three firemen in the open cab begin to cough violently and one vomited. All
responding emergency vehicles stop.,
type: event

start: Jan 30, 2012 03:48:00 GMT,
title: Rail Car DOT number,

description: One of the firemen observed the United Nations-North America number
(UN number or DOT number) 1005, ammonia, on the side of one of the rail cars that
were burning.,
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type: event

start: Jan 30, 2012 03:50:00 GMT,

title: Explosion,

description: While stopped, a second explosion that appears to be from one of the rail
tanks explodes.,
type: event

start: Jan 30, 2012 03:52:00 GMT title: HAZMAT description,

CAMEO CHEMICALS
AMMONIA, ANHYDROUS

Chemical Identifiers
UN/NA Number - The United Nations-North America number (also called UN number or DOT number). 4-digit number identifying an ind 1 or group of chemicals with similar

1 istics. Required on shipping papers; often shown on placards or labels. This numbering system was developed by the U.S. Department of Transportation, and then became the UN standard
system for classifying hazardous materials.

CAS Number - Chemical Abstracts Service registry number. Unique identification number assigned to this chemical by the American Chemical Society.
CHRIS Code - 3-letter code used by the U.S. Coast Guard to identify individual chemicals included in its

DOT Hazard Label - U.S. Department of Transportation hazard warning label for the chemical (such as flammable liquid or corrosive). This label must be displayed on shipped packages, railroad tank cars,
and tank trucks according to specifications described in 49 CFR 172.

NFPA 704 - Text description of the diamond-shaped placard, which contains codes indicating the level of the chemical's health, flammability, and reactivity hazards, along with special hazards such as
water- and air-reactivity. (The NFPA 704 diamond is also shown at the top of the datasheet.)

General Description - Brief description of the chemical's general appearance, behavior, and hazardousness.

List of data sources.

UN/NA Number CAS Number CHRIS Code DOT Hazard Label
1005 7664-41-7 AMA NON-FLAMMABLE GAS
NFPA 704: Red 1 -- Flammability: Must be preheated to burn

Blue 3 -- Health Hazard: Extremely hazardous - use full protection
Yellow 0 -- Reactivity: Normally stable

General Description

A clear colorless gas with a strong odor. Shipped as a liquid under its own vapor pressure. Density (liquid) 6 Ib / gal. Contact with the unconfined liquid can cause frostbite. Gas generally regarded as
nonflammable but does burn within certain vapor concentration limits and with strong ignition. Fire hazard increases in the presence of oil or other combustible materials. Although gas is lighter than air,
vapors from a leak initially hug the ground. Prolonged exposure of containers to fire or heat may cause violent rupturing and rocketing. Long-term inhalation of low concentrations of the vapors or short-
term inhalation of high concentrations has adverse health effects. Used as a fertilizer, as a refrigerant, and in the manufacture of other chemicals.

Rate of onset: Immediate

Persistence: Minutes
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Odor threshold: 17 ppm

Source/use/other hazard: Explosives manufacture; pesticides; detergents industry.
Hazards

Reactivity Alerts - Special alerts if the chemical is especially reactive

Air & Water Reactions - Special alerts if the chemical reacts with air, water, or moisture.

Fire Hazard - Description of the chemical's fire hazards (such as flammability, explosion risk, or byproducts that may evolve if the chemical is burned).
Health Hazard - Description of the chemical's health hazards (such as toxicity, flammability, or corrosivity).
Reactivity Profile - Description of the chemical's potential reactivity with other chemicals, air, and water. Also includes any other intrinsic reactive hazards (such as polymerizable or peroxidizable).

Reactive Groups - List of reactive groups that the chemical is assigned to, based on its known chemistry. Reactive groups are categories of chemicals that react in similar ways because their chemical
structures are similar. Reactive groups are used to predict reactivity when you add a chemical to MyChemicals.

Reactivity Alerts

Water-Reactive

Air & Water Reactions

Soluble in water with evolution of heat. The amount of heat generated may be large.

Fire Hazard

Mixing of ammonia with several chemicals can cause severe fire hazards and/or in iner may explode in heat of fire. Incompatible with many materials including silver and gold
salts, halogens, alkali metals, nitrogen trichloride, potassium chlorate, chromyl chloride, oxygen halides, acid vapors, azides, ethylene oxide, picric acid and many other chemicals. Mixing with other
chemicals and water. Hazardous polymerization may not occur. (EPA, 1998)

Health Hazard

Vapors cause irritation of eyes and respiratory tract. Liquid will burn skin and eyes. Poisonous; may be fatal if inhaled. Contact may cause burns to skin and eyes. Contact with liquid may cause frostbite.
(EPA, 1998)

Reactivity Profile

AMMONIA is a base. Reacts exothermically with all acids. Violent reactions are possible. Readily combines with silver oxide or mercury to form compounds that explode on contact with halogens. When in
contact with chlorates it forms explosive ammonium chlorate [Kirk-Othmer, 3rd ed., Vol. 2, 1978, p. 470]. Reacts violently or produces explosive products with fluorine, chlorine, bromine and iodine and
some of the interhalogen comp ds (bromine p ide, chlorine trifluoride). Mixing of bleaching powder (hypochlorite solution) with ammonia solutions produces toxic/explosive ammonia
trichloride vapors. Undergoes potentially violent or explosive reactions on contact with 1,2-dichloroethane (with liquid ammonia), boron halides, ethylene oxide (polymerization), perchlorates or strong
oxidants (chromyl chloride, chromium trioxide, chromic acid, nitric acid, hydrogen peroxide, chlorates, fluorine, nitrogen oxide, liquid oxygen). Reacts with silver chloride, silver oxide, silver nitrate or
silver azide to form the explosive silver nitride. May react with some heavy metal compounds (mercury, gold(III) chloride) to produce materials that may explode when dry. [Bretherick, 5th ed., 1995, p.
1553].

Belongs to the Following Reactive Group(s)

Response Recommendations

Firefighting - Response recommendations if the chemical is on fire (or near a fire).

Non-Fire Response - Response recommendations if the chemical isn't on fire (or near a fire).
Protective Clothing - Recommendations for protective gear and, in some cases, a table of breakthrough times for protective materials.

First Aid - Recommended first aid treatment for people exposed to the chemical.

Firefighting
Wear positive pressure breathing apparatus and full protective clothing.

Small fires: dry chemical or carbon dioxide. Large fires: water spray, fog or foam. Apply water gently to the surface. Do not get water inside container. Move container from fire area if you can do it
without risk. Stay away from ends of tanks. Cool containers that are exposed to flames with water from the side until well after fire is out. Isolate area until gas has dispersed. (EPA, 1998)

Non-Fire Response

Keep material out of water sources and sewers. Attempt to stop leak if without undue personnel hazard. Use water spray to knock-down vapors. Vapor knockdown water is corrosive or toxic and should
be diked for containment. Land spill: Dig a pit, pond, lagoon, holding area to contain liquid or solid material. Dike surface flow using soil, sand bags, foamed polyurethane, or foamed concrete. Absorb bulk
liquid with fly ash or cement powder. Neutralize with vinegar or other dilute acid. Water spill: Neutralize with dilute acid. Use mechanical dredges or lifts to remove immobilized masses of pollutants and
precipitates. (AAR, 2003)

Protective Clothing

For emergency situations, wear a positive pressure, pressure-d d, full iece self- i breathing apparatus (SCBA) or pressure- demand supplied air respirator with escape SCBA and a fully-
encapsulating, chemical resistant suit. (EPA, 1998)

___Dupont Average Standardized Breakthrough Times___

(for AMMONIA GAS)

Tychem® BR

46 min. (concentration: 95+%)
Tychem® CPE

greater than 480 min. (concentration: 95+%)
Tychem® CPF2

32 min. (concentration: 95+%)
Tychem® CPF3

12 min. (concentration: 100%)
Tychem® CPF4

greater than 480 min. (concentration: 100%)
Tychem® F

79 min. (concentration: 95+%)
Tychem® LV

46 min. (concentration: 95+%)
Tychem® QC

immediate (less than 10 min.) (concentration: 95+%)
Tychem® QC for Corrections

immediate (less than 10 min.) (concentration: 95+%)
Tychem® Reflector®

greater than 480 min. (concentration: 100%)
Tychem® Responder®

greater than 480 min. (concentration: 100%)
Tychem® Responder® CSM

greater than 480 min. (concentration: 100%)
Tychem® SL

32 min. (concentration: 95+%)
Tychem® ThermoPro

greater than 480* min. (concentration: 100%)
Tychem® TK

greater than 480 min. (concentration: 95+%) (DuPont, 2008)
Copyrighted information of E.I. du Pont de Nemours and Company. Tychem® is a registered trademark of E.I. du Pont de Nemours and Company.
First Aid
Warning: Ammonia is extremely corrosive to the skin, eyes, and mucous membranes. Contact with the liquified gas may cause frostbite. Caution is advised.

Signs and Symptoms of Acute Ammonia Exposure: Inhalation of ammonia may cause irritation and burns of the respiratory tract, laryngitis, dyspnea (shortness of breath), stridor (high-pitched
respirations), and chest pain. Pulmonary edema and pneumonia may also result from inhalation. A pink frothy sputum, convulsions, and coma are often seen following exposure to high concentrations.
When ammonia is ingested, nausea and vomiting may result; oral, esophageal, and stomach burns are common. If ammonia has contacted the eyes, irritation, pain, conjunctivitis (red, inflamed eyes),
lacrimation (tearing), and corneal erosion may occur. Loss of vision is possible. Dermal exposure may result in severe burns and pain.

Emergency Life-Support Procedures: Acute exposure to ia may require d ination and life support for the victims. Emergency personnel should wear protective clothing appropriate to the
type and degree of contamination. Air-purifying or supplied-air respiratory equipment should also be worn, as necessary.

Inhalation Exposure:

1. Move victims to fresh air. Emergency personnel should avoid self-exposure to ammonia.

2. Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored, administer
oxygen or other respiratory support.

3. Obtain authorization and/or further instructions from the local hospital for administration of an antidote or performance of other invasive procedures.
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4. Transport to a health care facility.

Dermal/Eye Exposure:
1. Remove victims from exposure. Emergency personnel should avoid self- exposure to ammonia.

2. Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored, administer
oxygen or other respiratory support.Warning: Do not attempt to neutralize with an acid wash; excessive liberation of heat may result.

3.If eye exposure has occurred, eyes must IMMEDIATELY be flushed with lukewarm water for at least 15 minutes.

4. Remove contaminated clothing as soon as possible.
5. Wash exposed skin areas THOROUGHLY with soap and water.

6. Obtain authorization and/or further instructions from the local hospital for administration of an antidote or performance of other invasive procedures.

7. Transport to a health care facility.

Ingestion Exposure:

1. Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored, administer

oxygen or other respiratory support.
2.DO0 NOT induce vomiting or attempt to neutralize!

3. Obtain authorization and/or further instructions from the local hospital for administration of an antidote or performance of other invasive procedures.

4. Activated charcoal does not strongly bind ammonia, and therefore is of little or no value.

5. Give the victims water or milk: children up to 1 year old, 125 mL (4 oz or 1/2 cup); children 1 to 12 years old, 200 mL (6 oz or 3/4 cup); adults, 250 mL (8 oz or 1 cup). Water or milk should be given

only if victims are conscious and alert.
6. Transport to a health care facility. (EPA, 1998)
Physical Properties

This section contains physical properties, flammability limits, and toxic thresholds for this chemical. More property data is available for common chemicals.

Molecular Formula: H3N

Flash Point: data unavailable

Lower Explosive Limit: 16.0 % (EPA, 1998)

Upper Explosive Limit: 25.0 % (EPA, 1998)
Autoignition Temperature: 1204.0 ° F (USCG, 1999)
Melting Point: -107.9 ° F (EPA, 1998)

Vapor Pressure: 400.0 mm Hg at -49.72 ° F (EPA, 1998)
Vapor Density: 0.6 (EPA, 1998)

Specific Gravity: 0.6818 at -28.03 ° F (EPA, 1998)
Boiling Point: -28.03 ° F at 760 mm Hg (EPA, 1998)
Molecular Weight: 17.03 (EPA, 1998)

Water Solubility: data unavailable

AEGL-1 AEGL-2 AEGL-3
2700.0
ppm for
10
minutes
1600.0
ppm for

30.0 ppm for 10 minutes 220.0 ppm for 10 minutes 1'3110inutes

30.0 ppm for 30 minutes 220.0 ppm for 30 minutes 1100.0

30.0 ppm for 60 minutes 160.0 ppm for 60 minutes m %or

30.0 ppm for 4 hours 110.0 ppm for 4 hours gg

30.0 ppm for 8 hours 110.0 ppm for 8 hours B
minutes
550.0
ppm for
4 hours
390.0
ppm for
8 hours

(NRC, 2008)

ERPG-1 ERPG-2 ERPG-3

25.0 ppm 150.0 ppm 750.0 ppm

(AIHA, 2008)

TEEL: data unavailable

IDLH: 300.0 ppm (NIOSH, 2003)

Regulatory Information

Regulatory Names - Names under which this chemical is regulated under several U.S. Federal laws: CAA (Clean Air Act of 1990), CERCLA (Comprehensive Envirc al Response, C ion, and
Liability Act of 1980, also known as Superfund), EPCRA (Emergency Planning and Community Right-to-Know Act, also known as situation awarenessRA Title I1I), and RCRA (Resource Conservation and
Recovery Act of 1976).

CAA RMP - Indicates whether this chemical is regulated under Section 112(r) of the Clean Air Act, which lists about 100 toxic, flammable, or explosive hazardous substances. (Section 112(r) mandates the
Risk Management Plan regulations.) For listed chemicals, the Threshold Quantity (from 40 CFR 68) is also shown. Facilities that use more than the threshold quantity of a listed chemical in a process are
subject to the CAA accidental release prevention provisions.

CERCLA - Indicates whether this chemical is listed as a hazardous substance under CERCLA. For listed chemicals, the Reportable Quantity (from 40 CFR 302) is also shown. Facilities that spill more than
the reportable quantity of a listed chemical must report it to Federal, state, and local governments.

EHS (EPCRA 302) - Indicates whether this chemical is listed as an Extremely Hazardous Substance under Section 302 of EPCRA. For listed chemicals, the Threshold Planning Quantity (from 40 CFR 355)
is also shown. Facilities that store more than the threshold quantity of an EHS chemical must meet the reporting, community right-to-know, and emergency planning requirements of EPCRA.

TRI (EPCRA 313) - Indicates whether this chemical is listed as a toxic chemical under Section 313 (Toxics Release Inventory) of EPCRA. Facilities that manufacture, store, or use significant amounts of
Section 313 chemicals may be required to submit annual reports about any releases into the environment (see 40 CFR 372).

RCRA Chemical Code - 4-character identification code assigned to this substance under RCRA.

Regulatory Names: AMMONIA
AMMONIA (ANHYDROUS)

CAA RMP: Regulated chemical with a Threshold Quantity of 10000 pounds.
CERCLA: Regulated chemical with a Reportable Quantity of 100 pounds.

EHS (EPCRA 302): Regulated chemical with a Reportable Quantity of 100 pounds and a Threshold Planning Quantity of 500 pounds.
TRI (EPCRA 313): Regulated chemical.

RCRA Chemical Code: none

Alternate Chemical Names

This section provides a listing of alternate names for this chemical, including trade names, synonyms, and foreign names.
AM-FOL

AMMONIA

AMMONIA (ANHYDROUS)

AMMONIA (ANHYDROUS) (LIQUEFIED)

AMMONIA GAS

AMMONIA SOLUTION, WITH MORE THAN 50% AMMONIA

AMMONIA, ANHYDROUS, LIQUEFIED

AMMONIA, [ANHYDROUS]

AMMONIA-14N

AMMONIAC, ANHYDRE (DOT FRENCH)

AMMONIAC, ANHYDRE, LIQUEFIE (DOT FRENCH)

AMMONIAC, SOLUTION, CONTENANT PLUS DE 50% D'AMMONIAC (DOT FRENCH)
AMONIACO, ANHIDRO (DOT SPANISH)

AMONIACO, ANHIDRO, LIncident CommandersUADO (DOT SPANISH)

AMONIACO, SOLUCION DE, CON MAS DEL 50% DE AMONIACO (DOT SPANISH)
ANHYDROUS AMMONIA
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ANHYDROUS AMMONIA, LIQUEFIED
AQUA AMMONIA

AQUEOUS AMMONIA

LIQUID AMMONIA

NITRO-SIL

R717

REFRIGERENT R717

SPIRIT OF HARTSHORN

AMMONIA, ANHYDROUS AMA
CAUTIONARY RESPONSE INFORMATION

Common Synonyms Liquefied compressed

gas

Colorless Ammonia odor

Floats and boils on water. Poisonous, visible vapor cloud is produced.
Liquid ammonia

Avoid contact with liquid and vapor. Keep people away.

Wear goggles, self-contained breathing apparatus, and rubber overclothing (including gloves).
Stop discharge if possible.

Stay upwind and use water spray to ““knock down" vapor.

Call fire department.

Isolate and remove discharged material.

Notify local health and pollution control agencies.

Protect water intakes

Fire combustible.

Wear goggles, self-contained breathing apparatus, and rubber overclothing
(including gloves).

Stop flow of gas or liquid if possible.

Cool exposed containers and protect men effecting shutoff with water.

Let fire burn.

EXp OSUre cALL FOR MEDIncident CommandersAL AID.
VAPOR

POISONOUS IF INHALED.

Irritating to eyes, nose and throat.

Move to fresh air.

If in eyes, hold eyelids open and flush with plenty of water.

If breathing has stopped, give artificial respiration.

If breathing is difficult, give oxygen.

LIQUID

Will burn skin and eyes.

Harmful if swallowed.

Will cause frostbite.

Remove contaminated clothing and shoes.

Flush affected areas with plenty of water.

DO NOT RUB AFFECTED AREAS.

IF IN EYES, hold eyelids open and flush with plenty of water.

IF SWALLOWED and victim is CONSCIOUS, have victim drink water
or milk.

Water

Pollution

HARMFUL TO AQUAIncident Commanders LIFE IN VERY LOW CONCENTRATIONS.

May be dangerous if it enters water intakes.

Notify local health and wildlife officials.

Notify operators of nearby water intakes.

1. CORRECTIVE RESPONSE ACTIONS

Dilute and disperse

Stop discharge

Do not add water to undissolved material

2. CHEMIncident CommandersAL DESIGNATIONS

2.1 CG Compatibility Group: Currently not

available; Ammonia

2.2 Formula: NHs

2.3 IMO/UN Designation: /1005

2.4 DOT ID No.: 1005

2.5 CAS Registry No.: 7664-41-7

2.6 NAERG Guide No.: 125

2.7 Standard Industrial Trade Classification:

52261

3. HEALTH HAZARDS

3.1 Personal Protective Equipment: Gas-tight chemical goggles, self-contained breathing apparatus,
rubber boots, rubber gloves, emergency shower and eye bath.

3.2 Symptoms Following Exposure: 700 ppm causes eye irritation, and permanent injury may result if
prompt remedial measures are not taken; 5000 ppm can cause immediate death from spasm,
inflammation, or edema of the larynx. Contact of the liquid with skin freezes the tissue and then
produces a caustic burn.

3.3 Treatment of Exposure: INHALATION: move victim to fresh air and give artificial respiration if
necessary. Oxygen may be useful. Observe for laryngeal spasm and perform tracheostomy if
indicated. SKIN OR EYES: flood immediately with running water for 15 min. Treat subsequently
as thermal burn.

3.4 TLV-TWA: 25 ppm.

3.5 TLV-STEL: Not listed.

3.6 TLV-Ceiling: 35 ppm.

3.7 Toxicity by Ingestion: Not pertinent

3.8 Toxicity by Inhalation: Currently not available.

3.9 Chronic Toxicity: Not pertinent

3.10 Vapor (Gas) Irritant Characteristics: Vapors cause severe eye or throat irritation and may cause
eye or lung injury; vapors cannot be tolerated even at low concentrations.

3.11 Liquid or Solid Characteristics: Causes smarting of the skin and first-degree burns on short
exposure; may cause secondary burns on long exposure.

3.12 Odor Threshold: 46.8 ppm

3.13 IDLH Value: 300 ppm.

3.14 OSHA PEL-TWA: 50 ppm.

3.15 OSHA PEL-STEL: Not listed.

3.16 OSHA PEL-Ceiling: Not listed.

3.17 EPA AEGL: Not listed

4. FIRE HAZARDS

4.1 Flash Point:

Not flammable under conditions likely to

be encountered

4.2 Flammable Limits in Air: 15.50%-

27.00%

4.3 Fire Extinguishing Agents: Stop flow of

gas or liquid. Let fire burn.

4.4 Fire Extinguishing Agents Not to Be

Used: None

4.5 Special Hazards of Combustion

Products: Not pertinent

115



4.6 Behavior in Fire: Not pertinent

4.7 Auto Ignition Temperature: 1204°F

4.8 Electrical Hazards: Class |, Group D

4.9 Burning Rate: 1 mm/min.

4.10 Adiabatic Flame Temperature: Currently
not available

4.11 Stoichometric Air to Fuel Ratio: 6.050
(Est.)

4.12 Flame Temperature: Currently not
available

4.13 Combustion Molar Ratio (Reactant to
Product): Currently not available

4.14 Minimum Oxygen Concentration for
Combustion (MOCC): Not listed

5. CHEMIncident CommandersAL REACTIVITY
5.1 Reactivity with Water: Dissolves with

mild heat effect

5.2 Reactivity with Common Materials:
Corrosive to copper and galvanized

surfaces.

5.3 Stability During Transport: Stable

5.4 Neutralizing Agents for Acids and
Caustics: Dilute with water

5.5 Polymerization: Not pertinent

5.6 Inhibitor of Polymerization: Not pertinent
6. WATER POLLUTION

6.1 Aquatic Toxicity:

2.0 - 2.5 ppm/1-4 days/goldfish and yellow
perch/LC

60 - 80 ppm/3 days/crayfish/LC1oo

8.2 ppm/96 hr/fathead minnow/TLm

6.2 Waterfowl Toxicity: 120 ppm

6.3 Biological Oxygen Demand (BOD): Not
pertinent

6.4 Food Chain Concentration Potential:
None

6.5 GEsituation awarenessMP Hazard Profile:
Bioaccumulation: 0

Damage to living resources: 2

Human Oral hazard: 1

Human Contact hazard: |

Reduction of amenities: X

7. SHIPPING INFORMATION

7.1 Grades of Purity: Commercial, industrial,
refrigeration, electronic, and metaflurgical
grades all have purity greater than 99.5%

7.2 Storage Temperature: Ambient for pressurized
ammonia; low temperature for ammonia at
atmospheric pressure

7.3 Inert Atmosphere: No requirement

7.4 Venting: Safety relief 250 psi for ammonia
under pressure. Pressure-vacuum for
ammonia at atmospheric pressure.

7.5 IMO Pollution Category: Currently not available
7.6 Ship Type: 2

7.7 Barge Hull Type: 2

8. HAZARD CLASSIFIncident CommandersATIONS
8.1 49 CFR Category: Poison gas

8.249 CFR Class: 2.3

8.3 49 CFR Package Group: Not listed.

8.4 Marine Pollutant: No

8.5 NFPA Hazard Classification:

Category Classification

Health Hazard (Blue
Flammability (Red
Instability (Yellow)..
8.6 EPA Reportable Quantity: 100

8.7 EPA Pollution Category: B

8.8 RCRA Waste Number: Not listed

8.9 EPA FWPCA List: Yes

9. PHYSIncident CommandersAL & CHEMIncident CommandersAL
PROPERTIES

9.1 Physical State at 15° C and 1 atm: Gas

9.2 Molecular Weight: 17.03

9.3 Boiling Point at 1 atm: —28.1°F = -33.4°C =

239.8°K

9.4 Freezing Point: —108°F = -77.7°C = 265.5°K

9.5 Critical Temperature: 271.4°F = 133°C =

406.2°K

9.6 Critical Pressure: 1636 psia = 111.3 atm =

11.27 MN/m2

9.7 Specific Gravity: 0.682 at -33.4°C (liquid)

9.8 Liquid Surface Tension: Not pertinent

9.9 Liquid Water Interfacial Tension: Not

pertinent

9.10 Vapor (Gas) Specific Gravity: 0.6

9.11 Ratio of Specific Heats of Vapor (Gas): 1.3

at 20°C

9.12 Latent Heat of Vaporization: 589 Btu/lb =

327 callg = 13.7 X 10s J/kg

9.13 Heat of Combustion: 7992 Btu/lb = 4440

cal/g = —185.9 X 10s J/kg

9.14 Heat of Decomposition: Not pertinent

9.15 Heat of Solution: —232 Btu/lb = —-129 cal/g =

—5.40 X 10s J/kg

9.16 Heat of Polymerization: Not pertinent

9.17 Heat of Fusion: Currently not available

9.18 Limiting Value: Currently not available

9.19 Reid Vapor Pressure: 211.9 psia

NOTES

Ammonia poisoning

URL of this page: http://www.nlm.nih.gov/medlineplus/ency/article/002759.htm

Ammonia is a strong, colorless gas. If the gas is dissolved in water, it is called liquid ammonia. Poisoning may occur if you breathe in ammonia. Poisoning may
also occur if you swallow or touch products

that contain very large amounts of ammonia.

WARNING: Never mix ammonia with bleach. This causes the release of toxic chlorine gas, which can be deadly.
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This is for information only and not for use in the treatment or management of an actual poison exposure. If you have an exposure, you should call your local
emergency number (such as 911) or the National

Poison Control Center at 1-800-222-1222.

Poisonous Ingredient

Ammonia

Where Found

Ammonia gas

Some household cleaners

Some linaments

Some fertilizers

Note: This list may not be all inclusive.

Symptoms

Airways, lungs, and chest

Cough

Chest pain (severe)

Chest tightness

Difficulty breathing

Wheezing

Eyes, ears, nose, mouth, and throat

Tearing and burning of eyes

Temporary blindness

Throat pain (severe)

Mouth pain

Lip swelling

Heart and blood

Rapid, weak pulse

Collapse and shock

Nervous system

Altered mental state

Fever

Restlessness

Skin

Bluish-colored lips and fingernails

Severe burns if contact is longer than a few minutes

Stomach and gastrointestinal tract

Severe stomach pain

Vomiting

Home Care

Do NOT make a person throw up unless told to do so by poison control or a health care professional. Seek immediate medical help.
If the chemical is on the skin or in the eyes, flush with lots of water for at least 15 minutes.

If the chemical was swallowed, immediately give the person water or milk, unless instructed otherwise by a health care provider. Do NOT give water or milk if the
patient is having symptoms (such as

vomiting, convulsions, or a decreased level of alertness) that make it hard to swallow.

If the person breathed in the poison, immediately move him or her to fresh air.

Before Calling Emergency

Determine the following information:

Patient's age, weight, and condition

Name of product (as well as the ingredients and strength, if known)

Time it was swallowed

Amount swallowed

Poison Control

The National Poison Control Center (1-800-222-1222) can be called from anywhere in the United States. This national hotline number will let you talk to experts in
poisoning. They will give you further

instructions.

This is a free and confidential service. All local poison control centers in the United States use this national number. You should call if you have any questions
about poisoning or poison prevention. It does

NOT need to be an emergency. You can call for any reason, 24 hours a day, 7 days a week.

Ammonia poisoning: MedlinePlus Medical Encyclopedia (Print Version)
http://www.nIm.nih.gov/medlineplus/ency/article/002759.htm
1 0f 2 9/22/2011 9:48 AM

Take the container with you to the hospital, if possible.

See: Poison control center - emergency number

What to Expect at the Emergency Room

The health care provider will measure and monitor the patient's vital signs, including temperature, pulse, breathing rate, and blood pressure. Bloood and urine
tests will be done. The patient may receive:

Breathing support

Continued flushing of the eyes and skin

Fluids through a vein (V)

Endoscopy -- camera down the throat to see burns to the esophagus and the stomach

Medicines to treat the symptoms

Outlook (Prognosis)

Damage is related to the amount and strength (concentration) of the ammonia. Most household cleaners are relatively weak and cause little or mild damage.
Industrial strength cleaners can cause severe

burns and injury.

Survival past 48 hours usually indicates recovery will occur. Chemical burns that occurred in the eye frequently heal; however, permanent blindness may result.
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duplication or distribution of the information contained herein is strictly prohibited.

type: event

start: Jan 30, 2012 04:10:00 GMT,

title: Evacuation,

description: Fire crew evacuates the area 3 miles away from the rail junction.,
type: event

start: Jan 30, 2012 04:12:00 GMT,

title: 911 calls - Grandparents,

description: 911 dispatch receives calls from residents living near the rail junction that
their grandparents who live on the first floor are having breathing problems and chest
pains.,
type: communication

start: Jan 30, 2012 04:15:00 GMT,

title: Eye Witness Reports,

description: Observed 1 railcar damaged,
type: communication

start: Jan 30, 2012 04:10:00 GMT,

title: HAZMAT called,

description: HAZMAT team called to respond.,
type: event

start: Jan 30, 2012 04:26:00 GMT,

title: Second Plume Analysis,

description: Plume Analysis When Where What: 30 January, 2012 0931 UTC(Z);
41.24436N lat 111.9829W long; ammonia. Weather used is observed and forecasted:
images/1 Railcar 3 hrs nearview, 1 Railcar 3 hrs nearview, AEGL_Definition
type: event
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Injury Possible (AEGL-2) The concentration in air of a substance Inpery Possioie by Values
al or above which il is predicled thal the general population could Thireshokl 1 Vary
experience irmeversible or olher senous, long-kasting adverse health
affects or an impaired ability to escapa.

Threshodd (AEGL-1): The concentralion in alr of a substance a1 or
above which it is predicted that the general population could
experience nolable discomfon, irlation, or cerain asymplomiatic
non-sensory effects. However, the allects are nol disabling and are
reversible upon cessation of exposure.

EPA: “Razuba® Eaporsure Guideline Levek (REGLS), an intanded bo Sescrbe the fok 1o humans

rasung Fom cnce-n-pidstme, or mm. sEones o prhome chencals. The Hational Addsany

Carmmiiter for ASSLS i6 Sevdloping (s guidell s Do hads Boih nalional and local sdbonites i wel as privabe compasies, dial st e garr irmoing
spille, or olter catastmphic axpoaures, "Dalinton Anfss seosures am sngis, nor-rapstites sxposures o7 oot moes Han & s

FitdaLl SECL Valuas el concurmcs By B BROHESL Suscommilios & adhirand, e AEOL vioes are comd denes Tra® aed pobisied by e SR Fina
AEGL valyss may be used on a parmanent sis by al Ssdernl, stals ard local agenciss. and privale oeganizstions:

Bhzhih; In @cesrdancs with EPA, guidelines, e publshed SEOL Sres ave al 00 s, 30 i, 1 e, 4 B0 and 8 e onlp. Usisg hese pusishd g delines drem D
EPA, DTRA derwioged HAAD G0 bo piol human =fTeots in a time s phted manner hat better estimabes ihe SEGL afizols. For sgasure tmes bekow 10 min AEGL
il hiirh @i e ragokited Barked on axiing dala M. For mosl rebeds vy a5 e nd b deminats ABCL eaposare and iheneken sxinasoned dils an
domirant. Caseats rumencal figunes ans based upon a popuation database (Land-Scon). Lond-Soan 15 tased on the 2000 oersus for e LS. (other rations
wiliyl, reiitiid iSagery, peo-socnomic, dnd olher obsemable dala and was updalied in 2008 . Populifon M @ seufied slase for caleuldlism . The popukiisn
rmbers. e fo associated hazand keyels are the peopls ooniained within the entirs conbowr based upon Land-5can 2008 o othersiss roted. For planning

P ESE | EeS maten s Aeaumed bo b mocumle within s 100-53% W idebor Ssshing ind cales agresnent wiin 5P iorasiss seeaminad arams. The poputahicn deta
will not predict major shits in personngd such as selooations .6 relpioes plkgrimages, refuges, svacuabions), ssenis (e naspraions, Ohmpos). o other
pepulalion shite  In such canms e popobabcn delntass nesds b B cpdebed In refesct achnn| consfione

start: Jan 30, 2012 04:58:00 GMT,

title: Questions H1-H2,

description: “TimelineQuestions/H1_to_H2.accdb”>ND>Questions H1-H2/ND>/a>,
type: question

start: Jan 30, 2012 04:40:00 GMT,

title: 911 calls - health effects spread,

description: 911 dispatch receiving more calls as far away as 0.5 a mile from the rail
junction from residents that are now experiencing difficulty breathing and chest pains,
type: communication

start: Jan 30, 2012 04:55:00 GMT,

title: HAZMAT arrives,

description: HAZMAT team arrives at the scene.,
type: event

start: Jan 30, 2012 05:10:00 GMT,

title: Weather update,

description: Weather update from accident scene: winds light and variable, temperature
41 degrees Fahrenheit, visibility 2 miles with haze.,
type: communication

start: Jan 30, 2012 05:15:00 GMT,
title: Third Plume Analysis,

description: Plume Analysis updated When Where What: 30 January, 2012 0931
UTC(Z); 41.24436N lat 111.9829W long; ammonia. Weather used is observed and
forecasted
images/1 Railcar 24 hrs nearview, 1 Railcar 24 hrs nearview, AEGL_Definition
type: event
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Injury Possible [AEGL-2): The concentration in alr of a substance el N values
al ar abowve wihich il is predicled that the general population could Threshold 10 Wary
expariance imeversible or other seriows, long-lasting adverse healih
effects or an impaired ability to escape.

Threshold (AEGL=1k: The concantration in air of & substance &1 or
above which it is predicted that the general population could
expariance nolable dscomilan, imtalion, oF celan asymplomalic
non-sensory effects. However, the effects are not disabling and are
revarsible upon cessation of exposura.
EPA: “Aeuls® Evpowurs G deline Lavsls JAEGLe) ars misndssd in descrits ha nek o humans
reseling Fom onoe-irea-Fatine, oF rare, seposurs [ Frboms chemicals, Tha Natioral Asvsory
Comimiilng o ASSL S |6 trenkoping ek pul deifes o haip bolh il onal asd beal dulbeibes, o will i privile cofigangs, deal with efengencr imoking
ipik. oF oher calaErophn epoese Dhelnibon | Acibe aapasLne s ing & hght, Son- Dl i eposures i fol Mo thin B s
FRAL SEGL Values: Whan concumencs By the HRECAEGL Subtommiias is achismsd, the AEGL valies are conscdensd "iral and gubished By e HEC Final
ADGL valuss may be yssd on @ permanent basis by al federl, stris and kocal ag and prrepin ong
Hobas: In pocordanae with EFA quidelnes, the pubshed ASGL Hnes are ot 10 min, 30 min, 1 B, 4 B and & v onfy, Using hese gublished gedelines from s
EP#A, DTAA divibopad HPAS 50 Lo plol Buman e¥ects isa S wagited ranfes thil Selles avl el e S50 sffect. For expoeure bites balow 10min SEGL
wubias @rn wetrazolaled Sawed on axndicg date B For mosd relesens ey shen Limas lerd Lo dominels S50 eooeas ard lhendos edmepolaled date e
domirant Casualy nomencal fgores are baessd upcn a =l = L &= s hassd on the 2000 censen: or 5 L) 5 {other nations
waryl. mesrhaad Inagany, peo-aconcrs, and -uruunwnmml-mmumlwnm is whabic dor The pepiation
PETRGS Rl 10 assocned hazard kvl are e peopks contained wiln the Site conbowr ba sed wpon Land-Sean 3008 of iteretse noed For plasnisg
supows s sulimetes s aesumed b be eccurte within + 10055 Vel debon besing ndicelis sgresmnent sibn S0 ko ssled spemined amas. The populatcn et
will st prachcd muajer shifs n perecnal such e eocabons § e eigous Eiginages, euges wecuSons ), eeanks (e eogaralicms. Giympic), or other
populaticn shits In such coses e population daiatase resds o be updated b reBect achul sondticns

start: Jan 30, 2012 05:58:00 GMT,

title: Questions H2-H3,

description: “TimelineQuestions/H2_to_H3.accdb”>ND>Questions H2-H3/ND>/a>,
type: question

start: Jan 30, 2012 05:35:00 GMT,

title: 911 has over 100 reports,

description: 911 dispatch have now over 100 reports from residents of respiratory
ailments.,
type: communication

start: Jan 30, 2012 05:45:00 GMT,

title: Hospital reports,

description: Hospital reports over 42 seriously ill patients with respiratory ailments; 8
with burns to the mouth, throat and stomach; 56 patients that are coughing with and nose
and throat Irritations.,
type: communication

start: Jan 30, 2012 06:08:00 GMT,

title: Eye Witness Reports,

description: Observed 2 railcars damaged,
type: communication

start: Jan 30, 2012 06:10:00 GMT,
title: Weather update,
description: winds light and variable, temperature 41 degrees Fahrenheit, visibility 2

miles with haze.,
type: communication

start: Jan 30, 2012 06:30:00 GMT,
title: Forth Plume Analysis,
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description: Plume Analysis updated When Where What: 30 January, 2012 0931
UTC(Z); 41.24436N lat 111.9829W long; ammonia Weather used is observed and

forecasted
images/2 Railcar 24 hrs nearview, 2 Railcar 24 hrs nearview, AEGL_Definition

type: event
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start: Jan 30, 2012 07:20:00 GMT,
title: Sunrise,
description: Sunrise 0720,

type: event

start: Jan 30, 2012 07:45:00 GMT,

title: Eye Witness Reports,

description: Observed and confirmed 3 railcars damaged,
type: communication

start: Jan 30, 2012 08:10:00 GMT,

title: Fifth Plume Analysis,
description: Plume Analysis Updated: When Where What: 30 January, 2012 0931

UTC(Z); 41.24436N lat 111.9829W long; ammoniaWeather used is observed and

forecasted
images/3 Railcar 24 hrs nearview, 3 Railcar 24 hrs nearview, AEGL_Definition

type: event
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start: Jan 30, 2012 08:58:00 GMT,

title: Questions H3-H6,

description: “TimelineQuestions/H3_to_H6.accdb”>ND>Questions H3-H6/ND>/a>,
type: question

start: Jan 30, 2012 10:10:00 GMT,

title: Hospital update,

description: Hospital reports over 53 seriously ill patients with respiratory ailments; 8
with burns to the mouth, throat and stomach; 76 patients that are coughing with and nose
and throat Irritations. There are two deaths.,
type: communication

start: Jan 30, 2012 11:10:00 GMT,

title: Weather update,

description: Weather update from scene: winds 3 kts from the east-southeast,
temperature 48 degrees Fahrenheit, visibility 3 miles with haze,
type: communication

start: Jan 30, 2012 11:15:00 GMT,

title: Plume Analysis Updated,

description: Plume Analysis updated When Where What: 30 January, 2012 0931
UTC(Z2); 41.24436N lat 111.9829W long; ammonia Weather used is observed and
forecasted
images/3 Railcar 24 hrs nearview, 3 Railcar 24 hrs nearview, AEGL_Definition
type: event
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start: Jan 30, 2012 11:58:00 GMT,

title: Questions H6-H9,

description: “TimelineQuestions/H6_to_H9.accdb”>ND>Questions H6-H9/ND>/a>,
type: question

start: Jan 30, 2012 13:10:00 GMT,

title: Hospital update,

description: Hospital reports over 61 seriously ill patients with respiratory ailments; 8
with burns to the mouth, throat and stomach; 76 patients that are coughing with and nose
and throat Irritations. There are 3 deaths.,
type: communication

start: Jan 30, 2012 14:25:00 GMT,

title: Eye Witness Reports,

description: Observed: The area around the 3 overturned railcars is still venting a
plume. The HAZMAT team observed that number 2 railcar is still venting ammonia
through a 12 inch punctured hole on the left side of the tank indicating that there is
remaining ammonia in the railcar. ,
type: communication

start: Jan 30, 2012 14:58:00 GMT,

title: Questions H9-H12,

description: “TimelineQuestions/H9_to_H12.accdb”>ND>Questions H9-H12/ND>/a>,
type: question

start: Jan 30, 2012 15:10:00 GMT,
end: Jan 30, 2012 18:00:00 GMT,
title: After...,
description: After...,
type: event
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start: Jan 30, 2012 15:30:00 GMT,

title: Questions H12+,

description: “TimelineQuestions/Plus_H12.accdb”>ND>Questions H12+/ND>/a>,
type: question
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Appendix | Thesis Data Retrieval Instructions

Please use the following steps:
1. Ensure researcher inputs the data for Access Timeline for ID number
2. Thank the interviewer for their participation in the research project on,
“Understanding the Application of Situation Awareness to First Responders'
Decisions During an outdoor airborne HAZMAT incident Response.” It is
expected to take aproximately 1 hour but there is no time limit.

w

Ensure to Identify the interview prior to reading the instructions

4. Timeline instructions:

a.

b.

J.
K.

The answers you provide during the Research project are totally
anonymous.
Welcome to Timeline. This is a scenario based interactive software
program where you are asked to answer questions within the scenario time
segment based on the information provided.
You have access to all the information up to and including that time
segment in the Timeline and | ask that you complete only the questions in
that time segment and do not read ahead.
You can re-read any information in previous time segments and you can
go back to reenter answers that you would like to edit or revise.
<demo the Timeline> Reminder: Close tabs only not browser!!!
<demo the Questions> there are 7 sets of questions. Reminders:
i. If an error message appears at any time, please ask me how to
proceed next
ii. No apostrophes (e.g. ‘s)
iii. Sometimes the “return” key doesn’t work it acts like the “tab” key
iv. You can answer “Same as previous answer” please add which
guestion number this references (e.g. situation awareness P RQ3-1-
1)
When answering the 40 questions, | would suggest you keep them as brief
as possible and the amount of information you provide is up to you.
If at any time you have trouble understanding or have difficulty, please let
me know so | can assist.
There is no time limit for completion and there is no “grading” on
correctness or grammar.
If you desire, there is a voice activated recorder that you can read to for
your convenience in answering the questions.
Please let me know when you have completed and thank you again.

5. After the interview is complete, remind the interviewer that no further contact
will be made unless he/she would like a copy of the final thesis. This must be
done in writing with their consent.

130



General Description

Elements

1. A Toxic Industrial
Chemical (TIC) or Toxic
Industrial Material (TIM)
OAHI within the United
States

-This includes all 50
United States

2. A well-documented
TICor TIM OAHI of a
dense gas type usually
following an accident from
the facility, storage
container, or
tanker/barge/truck

a -No warning of the
incident (no threat or
declarative statements
prior to the incident)

b -Written or translated
in English

¢ -Officially recognized
reports such as county or
state AAR, NTSB, or
certified report

3. Large amount of a
TIC/TIM OAHI that is
continual released and
accurate reconstructed
approximate quantity

4. Known population at
risk

5. Documented location of
the TIC or TIM source
release and the subsequent
hazard plume spread

6. Known date and time of
release or accurate
reconstructed approximate

7. Known TICor TIM
and the associated
accepted human effects
standards

-As outlined in the OSHA
hazards list. These may
include vapors or liquids
such as chlorine,
ammonia, phosgene,
fuming nitric acid, sulfur
dioxide, etc. (USDOL,
2011)

8. Able to reconstruct the
incident with its known
topography / terrain,
“Landuse” over the time of
the incident

a -Buildings, vegetation,
geology, topography, etc.

b -Meteorological
conditions surface and
vertical: wind
direction/speed,
temperature, relative
humidity, stable
boundary layer,
Turbulent Kinetic Energy |
etc.

x

x

Appendix J Case-study Analysis

Case Studies

Location Date

Description

1 Graniteville, SC  6-Jan-05

2 West Helena, AR 8-May-97

3 Bogalusa, LA 23-Oct-95

Huston, TX 11-May-76

5 Freeport, TX 13-Sep-03

6 Baltimore, MD  18-Jul-01

7 EastSt. Louis, Il 21-Sep-04

8 Minot, ND 18-Jan-02

9  Tamaroa, Il 9-Feb-03

Collision of Northfolk Southern Freight Train 192 with
Freight Train P22--3 rail tank cars of Chlorine and 1 rail
tank cars of sodium hydroxide hazardous release; 9
fatalities 544 injured

Massive explosion and fire occurred at Unit Two of the
Bartlo Packaging Incorporated (BPS) facility; pesticide
materials involving Guthion, AZM 50W, Maneb 75DF;
Carbamate - Topsin and Sevin; C Dithiocarbamate -
Maneb and Penncozeb; and C Organophosphorus -
Azinphos methyl and Alliette; 3 fatalities 17 injuries

Tank car failure and release of poisonous and corrosive
vapors; Nitrogen tetroxide; 81 injuries

Semi-Trailer Tanker carrying Anhydrous Ammonia
punctured hole from hitting a bridge column; 5 victims
178 injuried

Rupture of a Railroad Tank Car Containing Hazardous
Waste cyclohexanone oxide and cyclohexanone; 28
injuried

Howard Street Tunnel Rail Derailment and Fire; 11
derailed cars were tank cars: 1 tripropylene (flammable
liquid) 2 hydrochloric acid;1 diethylhexyl phthalate; 5
injuries

Remote rail control collision in hump classification yard
and hazardous materials release; 2 tank cars of vinyl
acetate leaked; 140 population evacuated no injuries

Derailment of Rail Freight Train; 5 tankers Anhydrous
Ammonia; 11 people sustained serious injuries, and 322
people injured; 1 fatality

Derailment Freight Train; 4 tankers methanol, 1
phosphoric acid, hydrochloric acid, formaldehyde, and
vinyl chloride, 2 hydrochloric acid, 1 formaldehyde, 1 car
vinyl chloride; no injuries

131




Appendix K Research Question, Time Segment, and Question Tag Key

Time Segtag Questions

Per this scenario, what decision(s) do you have to make at this
HO to H+ RQ3-1-1point in time

Per this scenario, what information do you need to be able to
HO to H+ RQ1-1-1make these decisions

Per this scenario, what information would you like to have if data  |Tag Key Code eg.RQ1-1-1:

H RQ=research question1,2, or 3
HO to H+ RQ2-1-is known -1=firsttime step (-2would be 2nd time
HO to H+ RQ3-1-Z Per this scenario, how would you implement these decision(s) step, etc.)

Per this scenario, how do you ensure the information you have -1=question uniqgue perRQandtime step

H1 to H+ RQ3-2-1received so far is correct?

Per this scenario, what information do you need to be able to
H1 to H+ RQ1-2-1make these decisions

Per this scenario, what information would you like to have if data
H1 to H+ RQ2-2-1is known
H1 to H+ RQ3-2-Z Per this scenario, how would you implement these decision(s)

Per this scenario, what decision(s) do you have to make at this
H2 to H+ RQ3-3-1point in time

At this time in the scenario, have you changed any of your
H2 to H+ RQ1-3-1decisions based on updated information?

Per this scenario, how do you inform or prepare to inform the
H2 to H+ RQ2-3-1public and what information do you tell them?

Per this scenario, what decision(s) do you have to make at this
H3 to H+ RQ3-4-1point in time

Per this scenario, what information do you need to be able to
H3 to H+ RQ1-4-1make these decisions

Per this scenario, what information would you like to have if data
H3 to H+ RQ2-4-1is known
H3 to H+ RQ3-4-: Per this scenario, how would you implement these decision(s)

Per this scenario, how do you ensure the information you have
H6 to H+ RQ2-5-1received so far is correct?

At this time in the scenario, have you changed any of your
H6 to H+ RQ3-5-1decisions based on updated information?

Per this scenario, how do you inform or prepare to inform the
H6 to H+ RQ1-5-1public and what information do you tell them?

At this time in the scenario, which decisions are recoverable and
H6 to H+ RQ3-5-Z which ones are not?

Per this scenario, what decision(s) do you have to make at this
H9 to H+ RQ3-6-1point in time

Per this scenario, what information do you need to be able to
H9 to H+ RQ1-6-1make these decisions

Per this scenario, what information would you like to have if data
H9 to H+ RQ2-6-1is known
H9 to H+ RQ3-6-Z Per this scenario, how would you implement these decision(s)

Up to this time in the scenario, list some of your strategies and
H12 + RQ3-7-1which ones would you place in the Incident Action Plan (1AP)?

Per this scenario, what resources do you place on a need from
H12 + RQ1l-7-lothers?

At this time in the scenario, which decisions are recoverable and
H12 + RQ2-7-1which ones are not?

At this time in the scenario, have you changed any of your
H12 + RQ3-7-:decisions based on updated information?
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Appendix L Data Analysis

Categories per Time-Step
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Appendix M Data Analysis: Expert Experience Subgroups Comparison by Time-

Steps per Category (See Appendix O for Legend Details)
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Appendix N Data Analysis: Expert Plume Model Use Subgroups Comparison

Normalized by Time-Steps per Category
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Appendix O Four Topic Areas with Associated Categories

Topic Area 1: Data needed for accurate perception of the incident: Endsley’s Level 1 (Endsley and Garland,
2000)

HAZMAT name

HAZMAT amount

HAZMAT release rate

Material properties: flammability, instability, toxicity, melting point, boiling point, vapor pressure

Terrain: incident elevation, hills, mountains, valleys, streams, urban buildings

Meteorology: surface wind speed, surface wind direction, surface temperature, surface pressure,

surface relative humidity, precipitation, sunrise/set

7. Meteorology: upper air wind speed, upper air wind direction, upper air temperature, upper air
relative humidity

8. Meteorology: forecasted surface and upper air of wind speed, wind direction, temperature, pressure,
relative humidity

9. Population: location and total

10. Population: density

11. Location of valuable assets: hospitals, critical infrastructure, landmarks/monuments, buildings, etc.

Topic Area 2: Immediate Actions indicating the actor had processed the collected data to determine the actor's
“sufficient comprehension” of the incident: Endsley's Situation Awareness Level 2 (Endsley and Garland, 2000)
Strategic actions for Incident Command:
1. Setting the priorities of identifying immediate risk to “life, incident stability, and property
conservation”
2. ldentifying the specific hazard to public health
3. Establishing elements for complex incident command: span-of-control, lines of
communication, and assume control of the incident
4. Determining location of the Command Post for operations staging areas for equipment and
responding personnel away from predictive plume hazardous
Actions for Immediate population protection
Determining the population density and population at risk
Notifying population for evacuation/shelter-in-place
Ordering and managing evacuation/shelter-in-place
Ordering and managing release of evacuation/shelter order
Coordinating with law enforcement for traffic and population control
Coordinating with all medical agencies
Requesting assistance from other agencies (if needed)
Identification of Casualties (victims and injured): notification of family, mortuary affairs
Actions for Immediate Remediation consideration:
1. Begin contamination collection and establish decontamination centers and procedures
2. Begin immediate planning for conducting clean-up
3. Search for victims and subsequent extraction extraction/decontamination, treatment and
transport of people and animals
Actions for the Safety of the Responders:
1. Determining proper PPE for incident, stay times,
2. Instituting decontamination procedure and locations
3. Establishing relief times for HAZMAT responders
Actions for the HAZMAT operational response:
1. Determining the location and area of the “hot zone” and safety distances--safe entry and exit
corridors
2. Determining the weather, landscape (elevation, water/rivers/ponds, vegetation), roads,
infrastructure, and when the incident happened (vs. when it was reported)
3. Determining the population exclusion area(s)
4.  Controlling/minimizing the HAZMAT release (can the HAZMAT be properly neutralized)
Topic Area 3: Actions indicating the actor is projecting the current course of the HAZMAT release and
proactive future decisions: Endsley’s Situation Awareness Level 3 (Endsley and Garland, 2000)
1. Identifying the nature and magnitude of the incident for future planning period
2. Establishing hot zones, safe zones, decontamination areas, medical treatment areas, evacuation routes,
etc. for beyond the immediate operational period

o0~ whE

NG rWNE

188



3. Assess an incident command post and staging areas for future operational periods
4. Care placement and replacement of the emergency responders as not to place them in harm’s-way for
future operational periods
5. Safety to people and animals—emergency responders and local population beyond current planning
period
Update as necessary issuing warnings, precautions, and evacuations beyond current period
Identifying environmental impact beyond current planning period
Establishing incident objectives, strategies, and tactics for future operational periods
Recognizing the HAZMAT incident is a complex incident and the need for updated elements of plume
hazard model include weather, the HAZMAT material may change over time
10. Identifying the resources that are necessary for possibly long term incident response
Topic Area 4: Actions indicating the actor is using the plume model as the primary tool for HAZMAT
projection for Endsley's Situation Awareness Level 3(Endsley and Garland, 2000)
1. Assessing the need for using the plume modeling tool for immediate actions and for future planning
2. Actions that appear to be prompted by using the plume modeling tool
3. Identifying Subject Matter Experts to perform plume modeling
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