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Terms and Conditionsfor ALOHA® for
Macintosh® and Windows® Computers

The recipient of the ALOHA software and documentation agrees to the following guidelines and

restrictions:

Use and Distribution Restrictions
ALOHA isavailable at no charge to those organizations and individual s (recipients) responsible for the safe

handling of chemicals.

Certain physical property data and equation coefficients contained in ALOHA have been supplied by, and
are the property of the Design Institute for Physical Properties (DIPPR®). DIPPR data shall not be
duplicated by the recipient, except as indicated above, without written permission from DIPPR.
Additionally, ALOHA contains other copyrighted information including ERPGs published by the American
Industrial Hygiene Association and AEGL s published by the National Research Council. The recipient
shall honor all disclaimers and other limits of liability associated with those organizations that have
provided data in the compilation of the ALOHA chemical database.

Limitation of Liability

The United States Government has used its best efforts to incorporate accurate and complete data into
ALOHA. Nevertheless, the United States Government does not warrant accuracy or completeness, is not
responsible for errors and omissions, and is not liable for any direct, indirect, or consequential damages

flowing from the recipient’s use of ALOHA.

The ALOHA software is being distributed “asis” and the United States Government does not make any
warranty claims, either express or implied, with respect to the ALOHA software, its quality, accuracy,

completeness, performance, merchantability, or fithess for any intended purpose.



I ndemnification

Non-governmental recipients shall indemnify and save harmless the United States and its agents and
employees against any and all loss, damage, claim, or liability whatsoever, due to personal injury or death,
or damage to property of others directly or indirectly due to the use of ALOHA by the recipient, or any
other act or omission of the recipient, including failure to comply with the provisions of these terms and

conditions.

Editing

Any unauthorized editing or ateration of ALOHA chemical data or information provided by the U.S.
Government will result in the termination of the agreement between recipient and the U.S. Government.
Upon receipt of notice of termination, the recipient shall immediately return all ALOHA information to
EPA/NOAA, including all documents and all copies of software containing ALOHA information.

Maintenance
Recipients should keep EPA/NOAA informed of any changes to their contact information. This
information is necessary so that the U.S. Government may notify users of any ALOHA program changes or

if updated information becomes available.

Trademark
ALOHA isatrademark of the U.S. Government.
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Welcome to ALOHA

Welcome to ALOHA! This chapter contains an overview of ALOHA®, an explanation of
how to use this manual and ALOHA's on-screen help, and a discussion of basic concepts.

About ALOHA

Program purpose

ALOHA (Area Locations of Hazardous Atmospheres) is a computer program designed especialy for use
by people responding to chemical releases, as well as for emergency planning and training. ALOHA
models key hazards—toxicity, flammability, thermal radiation (heat), and overpressure (explosion blast
force)—related to chemical releases that result in toxic gas dispersions, fires, and/or explosions. (Note: In
versions prior to 5.4, ALOHA only models the toxic threat: specifically, how atoxic gas cloud might
disperse in the atmosphere after an accidental chemical release.)

ALOHA runs quickly on small computers (Microsoft® Windows® or Macintosh®) that are easily
trangportable. It is designed to be easy to use so that you can operate it successfully during high-pressure
situations. Its chemical library contains information about the physical properties of approximately 1,000
common hazardous chemicals. Its computations represent a compromise between accuracy and speed;
ALOHA has been designed to produce good results quickly enough to be of use to responders. ALOHA is
designed to minimize operator error. It checks information that you enter and warns you when you make a
mistake. ALOHA's on-screen help offers you quick access to explanations of ALOHA's features and
computations, as well as background information to help you interpret its output.

Basic program organization

Touse ALOHA, you'll typically perform several basic steps.

Indicate the city where a chemical release is occurring and the date and time;
Choose the chemical of concern from ALOHA'slibrary of chemical information;
Enter information about current weather conditions;

EalE R A

Describe how the chemical is escaping from containment; and
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5. Ask ALOHA to display athreat zone plot, showing one or more areas where a hazard—toxicity,
flammability, thermal radiation, or damaging overpressure—may exceed key Levels of Concern
(LOCs) and pose athreat to people and property. If three LOCs are chosen, ALOHA will display the
threat zonesin red, orange, and yellow. The red threat zone represents the worst hazard and the
orange and yellow threat zones represent areas of decreasing hazard. ALOHA can display thisthrest
zone plot on an electronic map of your city using MARPLOT®, as shown below, and ALOHA's
threat zones can also be exported to GIS systems.

" MARPLOT - Prince William County, VA
File Edt WView List Objects Sharing Help

~ Focus Pt: 38°47/35"N 77°32/09"W [+ 1 in = 0.27 mi | v

St Joseph's Hospital S

B>IRAR OO [“|Ol2lsl=

4

You can also use the Threat at Point feature to obtain
specific information about the hazards at points of interest

(such as schools and hospitals) in and around the threat Threat Zonesand Footprints

zones. ALOHA will display the threat at apoint either asa | | versions of ALOHA prior to 5.4, the
graph or astext. For example, if you choose to see the term footprint was used instead of threat
threat at a point for atoxic gas dispersion scenario, zone. The two terms are equivalent.
ALOHA will display agraph showing predicted indoor and

outdoor chemica concentrations at the location for the first
hour after the release.

You can save ALOHA results as archive files, and you can copy and paste graphs, plots, and text
information from ALOHA into documents or reportsin word processing or graphics programs.
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ALOHA’s menu bar

Perform basic ALOHA operations by moving left-to-right through the seven menusin its menu bar:

File and Edit: Choose items from these two menus to perform basic operations, such as opening,
closing, and saving files; printing the contents of ALOHA's windows; and copying text and graphics
displayed in ALOHA.

SiteData: Choose items from the SiteData menu to enter information about the release: (@) the date
and time, (b) location, and (c) the type of buildings downwind of atoxic gasrelease.

SetUp: Choose items from the SetUp menu to () select achemical from ALOHA's chemical library
(or to add achemical to thelibrary), (b) indicate weather conditions (manually or by connecting your
computer to a portable meteorological station), (c) “set the source” (describe how the chemical is
escaping from containment), and (d) choose the type of dispersion calculations for ALOHA to make
(ALOHA can predict the movement of either neutrally buoyant clouds that are about as dense as air
and heavy gas clouds that are denser than air).

Display: Choose items from the Display menu to indicate the ALOHA results that you would like to
see and to choose how you would like the information to be displayed. Choose to tile or stack
ALOHA's windows and choose whether to see ALOHA's results displayed in English or metric
units. Choose one or more LOCs and display the threat zone plot. If applicable given your scenario,
you may also choose to display athreat at point report or a source strength graph.

Sharing: Choose items from this menu to (a) display an ALOHA threat zone on a background map
using MARPLOT, the CAMEO® mapping module, or (b) see detailed information about the
chemical you' ve selected, displayed in CAMEQO’s Response Information Data Sheets (RIDS)
module.

Help: Choose items from the Help menu to search the Help Index by different methods.
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Getting help

On-screen help isavailable at any time when ALOHA isrunning. The Help Index can be accessed through
the menu bar. Also, most screensin ALOHA have Help buttons that take you to specific Help Topics
related to that screen.

File Edit Bookmark Options Help

Contents| Search | | Pint | ] [

Infiltration Building Parameters
ALOHA® 5.4 He l p 1 ﬂdex Select building type or enter exchange parameter
Developed jointly by NOAA and EPA.  Enclosed office building H”P%

@ Single storied building
Adding or modifying chemical data
A » =
dding or modifving location data
EEI}?F_ R R S " No. of air changes is || per hour
Air temperature
ALOHA Limitations

" Double storied building

ration

In Windows. To open the Help Index, select Contents from the Help menu. When the index appears,
click any topic name to view a discussion of that topic. When you' ve finished reading about that topic,
click Contentsto return to the Help Index. When you are ready to go back to using ALOHA, close or
minimize the Help window.

On a Macintosh. To open the Help Index, select Topics from the Help menu. When the index appears,
highlight atopic name, then click Select to view adiscussion of that topic. When you’ ve finished reading
the topic discussion, click either Topics or Cancel to return to the Help Index to select another topic, Print
to print the Help screen, or Copy to copy the discussion text to the clipboard.

How to use this manual

This manual includes six chapters. Begin herein Chapter 1 by reviewing a discussion of basic concepts.
Turn to Chapter 2 for instructions on installing ALOHA, and to Chapter 3 for a step-by-step ALOHA
tutorial. Chapter 4 contains ALOHA example problems. Turn to Chapter 5 for descriptions of the main
features of ALOHA. Sectionsin this chapter include explanations of each of ALOHA’s menus, along with
background information to help you to better understand ALOHA's computations. Review Chapter 6 for
trouble-shooting advice. At the back of the manual, you' Il find a bibliography, a glossary, and an index.

Note: Termsdisplayed in italics are defined in the glossary.
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Modeling in ALOHA

ALHOA models three hazard categories. toxic gas dispersion, fires, and explosions. ALOHA employs
severa different models, including an air dispersion model that it uses to estimate the movement and
dispersion of chemical gas clouds. From this model, ALOHA is able to estimate the toxic gas dispersion,
the overpressure values from avapor cloud explosion, or the flammable areas of a vapor cloud. ALOHA
uses additional models to estimate the hazards associated with other fires and explosions. ALOHA can
solve problems rapidly and provide results in a graphic, easy-to-use format. This can be helpful during an
emergency response or planning for such aresponse.

ALOHA originated asatool to aid in emergency response. It
has evolved over the yearsinto atool used for awide range
of response, planning, and academic purposes. However, How accurateis ALOHA?

you must still rely on your own common sense and Keep in mind that ALOHA isonly a
experience when deciding how to respond to a particular tool. Its usefulness depends on the
incident. There are features that would be useful in some of accuracy of the information you enter
ALOHA's models (in the dispersion model, for example, into ALOHA and on your accurate
equations accounting for site topography) that have not been interpretation of the data and how you
included in ALOHA because they would require extensive apply it to each situation.

input and computational time. ALOHA’s most important
limitations are discussed later in this chapter.

Introduction to dispersion modeling

Many different types of air dispersion models exist. They range from simple equations that can be solved

by hand to complex models that require massive amounts of input data and powerful computers. The type
of model appropriate for a particular use depends on the scale of the problem, the level of detail available
for input and required for output, the background of the intended user, and the time available to wait for the
model computations to be completed.

ALOHA was designed with first respondersin mind. Its air dispersion model is intended to be used to
estimate the areas near a short-duration chemical release where key hazards—toxicity, flammability,
thermal radiation, or overpressure—may exceed user-specified Levels of Concern (LOCs). (Note: If the
released chemical is not flammable, toxicity isthe only air dispersion hazard modeled in ALOHA..)
ALOHA isnot intended for use with radioactive chemical releases, nor is ALOHA intended to be used for
permitting of stack gas or modeling chronic, low-level (“fugitive”) emissions. Other models are designed
to address larger scale and/or air quality issues (Turner and Bender 1986). Since most first responders do
not have dispersion modeling backgrounds, ALOHA has been designed to require input data that are either
easily obtained or estimated at the scene of an accident. ALOHA's on-screen help can assist you in
choosing inputs.
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What is dispersion?

Dispersion is aterm used by modelers to include advection (moving) and diffusion (spreading). A
dispersing vapor cloud will generally move (advect) in adownwind direction and spread (diffuse) in a
crosswind and vertical direction (crosswind is the direction perpendicular to the wind). A cloud of gas that
is denser or heavier than air (called a heavy gas) can also spread upwind to a small extent.

ALOHA can model the dispersion of acloud of pollutant gas in the atmosphere and display a diagram that
shows an overhead view of the regions, or threat zones, in which it predicts that key hazard levels (LOCs)
will be exceeded. Thisdiagram is called athreat zone plot. To obtain athreat zone estimate, you must first
choose at least one LOC. (ALOHA will suggest default LOCs, and you may keep those or choose up to
three other LOCs.) For toxic gas dispersion scenarios, an LOC is athreshold concentration of the gas at
ground level—usually the concentration above which a hazard is believed to exist. The type of LOC will
depend on the scenario. For each LOC you choose, ALOHA estimates a threat zone where the hazard is
predicted to exceed that LOC at some time after a release begins. These zones are displayed on asingle
threat zone plot. If three LOCs are chosen, ALOHA will display the threat zones in red, orange, and
yellow. When you use ALOHA's default LOCs, the red zone represents the worst hazard.

There are two separate dispersion modelsin ALOHA: Gaussian and heavy gas.

Gaussian model. ALOHA usesthe Gaussian model to predict how gases that are about as buoyant as
air will disperse in the atmosphere. Such neutrally buoyant gases have about the same density as air.
According to this model, wind and atmospheric turbulence are the forces that move the molecules of a
released gas through the air, so as an escaped cloud is blown downwind, “turbulent mixing” causesit to
spread out in the crosswind and upward directions. According to the Gaussian model, a graph of gas
concentration within any crosswind dlice of amoving pollutant cloud looks like a bell-shaped curve, high
in the center (where concentration is highest) and lower on the sides (where concentration is lower), asin
Figure 1-1. At the point of arelease, the pollutant gas concentration is very high, and the gas has not
diffused very far in the crosswind and upward directions, so a graph of concentration in a crosswind slice
of the cloud close to the source looks like a spike. Asthe pollutant cloud drifts farther downwind, it
spreads out and the “bell shape” becomes wider and flatter.

100 [\
T
o ]\
7

Crosswind Distance Source of Spill Crosswind

oo

[=]
P—
=]

Concentration (ppm)

Concentration

Y

Figure 1-1. Gaussian distribution (left) and Gaussian spread (right).
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Heavy gases. When agasthat is heavier than air isreleased, it initially behaves very differently from a
neutrally buoyant gas. The heavy gaswill first “slump,” or sink, because it is heavier than the surrounding
air. Asthe gas cloud moves downwind, gravity makes it spread; this can cause some of the vapor to travel
upwind of its release point (Figure 1-2). Farther downwind, as the cloud becomes more diluted and its
density approaches that of air, it begins behaving like a neutrally buoyant gas. This takes place when the
concentration of heavy gas in the surrounding air drops below about 1 percent (10,000 parts per million).
For many small releases, thiswill occur in thefirst few yards (meters). For large releases, this may happen
much further downwind.

Wind ——»

Figure 1-2. Cloud spread as aresult of gravity.

The heavy gas dispersion calculations that are used in ALOHA are based on those used in the DEGADIS
model (Spicer and Havens 1989), one of several well-known heavy gas models. This model was selected
because of its general acceptance and the extensive testing that was carried out by its authors.

Classification of heavy gases. A gasthat hasamolecular weight greater than that of air (the average
molecular weight of air is about 29 kilograms per kilomole) will form a heavy gas cloud if enough gasis
released. Gases that are lighter than air at room temperature, but that are stored in a cryogenic (low-
temperature) state, can also form heavy gas clouds. If the density of agas cloud is substantially greater than
the density of the air (the density of air isabout 1.1 kilograms per cubic meter), ALOHA considers the gas
to be heavy.

Flash-boiling and two-phase flow. Many substances that are gases under normal pressures and
temperatures are stored under pressures high enough to liquefy them. For example, propaneis agas at
normal pressures and temperatures but is often stored under pressure as aliquid. When atank rupture or
broken valve causes a sudden pressure loss in atank of liquefied gas, the liquid boils violently and the tank
contents foam up, filling the tank with a mixture of gas and fine liquid droplets (called aerosol). Flash-
boiling is the term for that sudden vaporization of aliquid caused by aloss of pressure.

When the liquid and gas phases of a chemical escape together from aruptured tank, therelease iscalled a
two-phase flow. When a two-phase mixture escapes from storage, the release rate can be significantly
greater than that for arelease of pure gas. The two-phase mixture that escapes into the atmosphere may
behave like a heavy gas cloud. The cloud is heavy in part becauseit isinitialy cold, and therefore denser
than it would be at ambient temperatures, and also because it consists of atwo-phase mixture. The tiny
aerosol droplets mixed into the cloud act to weigh the cloud down and make it denser than a pure gas
cloud, and their evaporation cools the cloud.
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ALOHA can choose a dispersion model for you. ALOHA can automatically choose whether to
predict the dispersion of achemical as a Gaussian or heavy gas release (it bases this choice mainly on
molecular weight, size of the release, and temperature of the gas cloud). But sometimes you may want to
specify the model to use rather than letting ALOHA choose. In particular, when a chemical with a
molecular weight less than that of air has been stored at alow temperature or under high pressure, it can
behave like a heavy gas (ammoniais an example of such achemical). If you have chosen one of these

chemicals, depending on how you model its release, ALOHA may not have enough information about the

release to determine whether a heavy gas could be formed. In such a case, ALOHA will make Gaussian
calculations, but will alert you that you should try running the heavy gas model aswell. In such cases, you
should re-run ALOHA using the heavy gas calculations, and compare the threat zone estimates.

Introduction to fires and explosions

Beginning with ALOHA version 5.4, you can model fire and explosion scenarios as well astoxic gas

dispersion scenarios. This section provides basic information about fires and explosions, and then explains
how to model fires and explosionsin ALOHA.

ALOHA alowsyou to model chemical releases from four types of sources: Direct, Puddle, Tank, and Gas
Pipeline. Refer to Table 1-1 to see what types of scenariosyou can runin ALOHA from each source. For a

more detailed discussion on sources, refer to the Reference chapter.

Table 1-1: ALOHA sources and scenarios.

Source Toxic Scenarios Fire Scenarios Explosion Scenarios
Direct
Direct Release Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Puddle
Evaporating Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Burning (Pool Fire) Pool Fire
Tank
Not Burning Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Burning Jet Fire or Pool Fire
BLEVE BLEVE (Fireball and Pool Fire)
GasPipeline
Not Burning Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion

Burning (Jet Fire)

Jet Fire
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What about chemicalsthat are flammable and toxic?

Many of the chemicalsin ALOHA’s chemical library are flammable, in addition to being toxic and
volatile enough to be potential air hazards. For those chemicals, you can model not only the toxic
threat posed by the release of that chemical, but also the fires and/or explosions that the chemical
could potentially cause. However, ALOHA cannot model these threats at the same time.

If aflammable and toxic chemical—such as acrolein—has been released, run atoxic gas dispersion
scenario first. Next, run all of the appropriate fire and explosions scenarios. Finally, consider all of
the threat zone plots (the estimates will vary with each scenario) and any additional site-specific datal
and use that information to decide how you are going to respond to the incident. In many situations
involving a flammable and toxic chemical, the area encompassed by the toxic threat zone will be
greater than the threat zones associated with fire and explosion scenarios. It is essential that you
evaluate all of the scenario options before devel oping your response plan.

What is a fire?

A fireisacomplex chain reaction where afuel combines with oxygen to generate heat, smoke, and light.
Most chemicals fires will be triggered by one of the following ignition sources: sparks, static electricity,
heat, or flames from another fire. Additionaly, if achemical is above its autoignition temperature it will
spontaneously catch on fire without an external ignition source.

There are severa properties that measure how readily—that is, how easily—a chemical will catch on fire.
Here we'll discuss three of these properties: volatility, flash point, and flammability limits. Volatility isa
measure of how easily achemical evaporates. A flammable liquid must begin to evaporate—forming a
vapor above the liguid—before it can burn. The more volatile a chemical, the faster it evaporates and the
quicker aflammable vapor cloud is formed. The flash point is the lowest temperature where a flammable
liquid will evaporate enough to catch on fireif anignition source is present. The lower the flash point, the
easier itisfor afireto start. Flammability limits, called the Lower Explosive Limit (LEL) and the Upper
Explosive Limit (UEL), are the boundaries of the flammable region of avapor cloud. These limits are
percentages that represent the concentration of the fuel—that is, the chemical—vapor in the air. If the
chemical vapor comes into contact with an ignition source, it will burn only if its fuel-air concentration is
between the LEL and the UEL. To some extent, these properties are interrelated—chemicalsthat are highly
volatile and have alow flash point will usually also have alow LEL.

Once the chemical catches on fire, three things need to be present to keep the fire going: fuel (the
chemical), oxygen, and heat. Thisis often referred to asthe fuel triangle. If any one of those componentsis
eliminated, then the fire will stop burning.

Like other reactions, afire can also generate byproducts—smoke, soot, ash, and new chemicalsformed in
the reaction. Some of these reaction byproducts can be hazardous themselves. While ALOHA cannot
model all the complex processes that happen in afire (like the generation and distribution of byproducts), it
can predict the area where the heat radiated by the fire—called thermal radiation—could be harmful.
Thermal radiation is the primary hazard associated with fires. However, it is also important to consider the
hazards associated with any secondary fires and explosions that may occur.
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Thermal Radiation Levels of Concern. A Therma Radiation Level of Concern (LOC) isathreshold
level of thermal radiation, usually the level above which ahazard may exist. When you run afire scenario,
ALOHA will suggest three default LOC values. ALOHA uses three threshold values (measured in
kilowatts per square meter and denoted as kW/m?) to create the default threat zones:

* Red: 10 kW/m? (potentially lethal within 60 sec);
« Orange: 5 kW/m? (second-degree burns within 60 sec); and

 Yellow: 2 kW/m? (pain within 60 sec).

The thermal radiation effects that people experience depend upon the length of time they are exposed to a
specific thermal radiation level. Longer exposure durations, even at alower thermal radiation level, can
produce serious physiological effects. The threat zones displayed by ALOHA represent thermal radiation
levels; the accompanying text indicates the effects on people who are exposed to those thermal radiation
levels but are able to seek shelter within one minute.

ALOHA's default thermal radiation values are based on areview of several widely accepted sources for
thistopic (e.g., American Institute of Chemical Engineers 1994, Federal Emergency Management Agency
et al. 1988, and Lees 2001).

If you set your own LOC values, consider Table 1-2 (Federal Emergency Management Agency et a.
1988), which lists some physiological effects at specific thermal radiation levels and durations (on bare
skin):

Table 1-2: Thermal radiation burn injury criteria.

Radiation Intensity (kW/m?) Timefor Severe Pain () Timefor 2nd Degree Burns(s)
1 115 663
2 45 187
3 27 92
4 18 57
5 13 40
6 11 30
8 7 20
10 5 14
12 4 11

Note: The durations that correspond to effects like pain or second-degree burns can vary considerably,
depending on circumstances. The effects above were observed on bare skin that was exposed directly to
the thermal radiation. Some types of clothing can serve as a protective barrier against thermal radiation and
can affect the exposure duration. However, exposure duration should be kept to a minimum, even at low
levels of thermal radiation.

10



Chapter 1: Welcome to ALOHA

What is an explosion?

The most basic definition of an explosion is a sudden, intense release of energy that often produces aloud
noise, high temperatures, and flying debris, and generates a pressure wave. There are many types of
explosions and the causes and effects will vary. ALOHA primarily models explosions that are the result of
accidents involving industrial chemicals. Intentional explosions will generally—but not always—result in
greater hazard damage.

Consider three primary hazards when dealing with an explosion: thermal radiation, overpressure, and
hazardous fragments (flying debris). All three of these hazards are not present in every explosion and the
severity of the hazard will depend on the explosion. These hazards typically last only for a brief period
directly following the explosion. However, it isimportant to consider the potential for secondary
explosions and fires to occur before deciding that these hazards no longer exist.

Overpressure. A magor hazard associated with any explosion is overpressure. Overpressure, also called
ablast wave, refersto the sudden onset of a pressure wave after an explosion. This pressure wave is caused
by the energy released in theinitial explosion—the bigger the initial explosion, the more damaging the
pressure wave. Pressure waves are nearly instantaneous, traveling at the speed of sound.

Although a pressure wave may sound |ess dangerous than a fire or hazardous fragments, it can be just as
damaging and just as deadly. The pressure wave radiates outward like a giant burst of air, crashing into
anything in its path (generating hazardous fragments). If the pressure wave has enough power behind it, it
can lift people off the ground and throw them up against nearby buildings or trees. Additionally, blast
waves can damage buildings or even knock them flat—often injuring or killing the people inside them. The
sudden change in pressure can also affect pressure-sensitive organs like the ears and lungs. The damaging
effects of the overpressure will be greatest near the source of the explosion and lessen as you move farther
from the source.

When you use ALOHA to predict an explosion’s effects, assess the surroundings at the explosion site as
you interpret ALOHA's threat zone plot. Large objects (like trees and buildings) in the path of the pressure
wave can affect its strength and direction of travel. For example, if many buildings surround the explosion
site, expect the actual overpressure threat zone to be somewhat smaller than ALOHA predicts. But at the
same time, more hazardous fragments could be generated as the blast causes structural damage to those
buildings.

11
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Overpressure Levels of Concern. An Overpressure Level of Concern (LOC) isathreshold level of
pressure from a blast wave, usually the pressure above which a hazard may exist. When you run a vapor
cloud explosion scenario, ALOHA will suggest three default LOC values. ALOHA uses three threshold
valuesto create the default threat zones:

* Red: 8.0 psi (destruction of buildings);
» Orange: 3.5 psi (seriousinjury likely); and
* Yellow: 1.0 psi (shatters glass).
ALOHA's default overpressure values are based on areview of several widely accepted sources for this

topic (e.g., American Ingtitute of Chemical Engineers 1994, Federal Emergency Management Agency et
al. 1988, and Lees 2001).

If you choose to set your own LOC values, consider Table 1-3 (Lees 1980), which relates overpressure
values to the structural and physiological effects produced.

Table 1-3: Explosion over pressure damage estimates.

Overpr_essure* Expected Damage
(psig)
0.04 Loud noise (143 dB); sonic boom glass failure.
0.15 Typical pressure for glassfailure.
0.40 Limited minor structural damage.
0.50-1.0 Windows usually shattered; some window frame damage.
0.70 Minor damage to house structures.
1.0 Partial demolition of houses; made uninhabitable.
1.0-2.0 Corrugated metal panelsfail and buckle. Housing wood panels blown in.
1.0-8.0 Range for dlight to serious laceration injuries from flying glass and other missiles.
2.0 Partial collapse of walls and roofs of houses.
2.0-3.0 Non-reinforced concrete or cinder block walls shattered.
24-12.2 Range for 1-90% eardrum rupture among exposed populations.
25 50% destruction of home brickwork.
3.0 Steel frame building distorted and pulled away from foundation.
5.0 Wooden utility poles snapped.
5.0-7.0 Nearly complete destruction of houses.
7.0 L oaded train cars overturned.
9.0 L oaded train box cars demolished.
10.0 Probable total building destruction.
14.5-29.0 Range for the 1-99% fatalities among exposed populations due to direct blast effects.
* These are peak pressures formed in excess of normal atmospheric pressure by blast and shock waves.

12
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Hazardous fragments. One of the major hazards associated with any explosion is flying debris
(hazardous fragments) propelled by the explosion’s pressure wave. Hazardous fragments come from two
primary sources: container fragments and debris from the surrounding area. ALOHA does not model the
hazardous fragmentsthreat.

If an explosion islikely to occur, first responders must be aware of the possibility of hazardous fragments
and take necessary precautions to shield responders and others from the potentially fatal fragments. Some
hazar dous fragments may be projected into areas well beyond those affected by the thermal or

over pressure explosion hazards.

Analysis of datafrom multiple accident investigations revealed several broad trends that responders should
keep in mind regarding hazardous fragments (Leslie and Birk 1991):

» 80% of firesthat lead to container rupture result in missiles (e.g., hazardous fragments);

» 80% of fragments from liquid petroleum gas (LPG) accidents travel less than 200 meters (660 feet);

» Spherical containers produce more missiles than cylindrical containers, spheres average 8.3 missiles
and cylinders average less than 4 missiles;

» End tubesfrom cylindrical containerstravel further than other types of fragments;
e Smaller vessels project fragments further than larger ones; and

* Missilestend to export fire with them.

Why doesn’t ALOHA model hazardous fragments?

It isdifficult to predict the distribution of hazardous fragments with any
accuracy because there are too many unknown—or unknowable—variables.
The two main issues of concern are (1) the number of hazardous fragments,
and (2) where the fragments will land.

Types of fire and explosion scenarios

ALOHA models the five types of fire and explosion scenarios that are most frequently associated with
chemical releases: Jet Fires, Pool Fires, BLEVEs, Flammable Areas (where a Flash Fire could occur), and
Vapor Cloud Explosions. Each is described on the following pages. Often, more than one kind of fire and/
or explosion is possible. ALOHA helps you by listing the kinds of fires and explosions that are possible,
given your release scenario.

Chemical releases involving afire and/or an explosion can be complicated in that an initial incident may
trigger other fires and explosionsin the surrounding area. The trigger may be an increase in temperature,
an open flame, or a container punctured by debris from the initial fire or explosion. Throughout this
manual the term “fires and explosions’ will be used to describe situations where there may be a
combination or a series of fires and/or explosions.

13
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Jet fires

A jet fire, dso referred to as aflame jet, occurs when aflammable chemical israpidly released from an
opening in a container and immediately catches on fire—much like the flame from a blowtorch. ALOHA
can model ajet fire from the Gas Pipeline and Tank sources. For the Tank source, ALOHA can model gas
and two-phase jet fires. A two-phase jet fire occurs when a gas that has been liquefied under pressureis
released. Because the liquid evaporates as it escapes, the chemical is released as an aerosol spray—that is,
amixture of gasand tiny liquid droplets.

ALOHA assumesthe jet fire release is oriented vertically, although the wind can tilt the flamesin the
downwind direction.

Thermal radiation is the primary hazard associated with ajet fire. Other potential jet fire hazards include
smoke, toxic byproducts from the fire, and secondary fires and explosions in the surrounding area,
athough ALOHA does not model these hazards.

In some cases, heat from the jet fire may weaken the tank and cause it to fail completely—in which case, a
BLEVE may occur. Typically, aBLEVE poses a greater threat than a jet fire. If the chemical inside the
tank islikely to BLEVE (for example, if the tank contains aliquefied gas), in addition to modeling the
scenario as ajet fire, you should also rerun the scenario as a BLEV E to compare the size of the threat
zones.

Pool fire

A pool fire occurs when aflammable liquid forms a puddle on the ground and catches on fire. ALOHA
only models pool fires on land; it does not model pool fires on water. Thermal radiation is the primary
hazard associated with a pool fire. Other potential pool fire hazards include smoke, toxic byproducts from
the fire, and secondary fires and explosions in the surrounding area (although ALOHA does not model
these hazards).

In some cases, heat from the pool fire may weaken aleaking tank and causeit to fail completely—inwhich
case, aBLEVE may occur. Typically, aBLEVE poses a greater threat than a pool fire. If the chemical
inside the tank islikely to BLEVE (for example, if the tank contains aliquefied gas), you may want to
model the situation first as a pool fire and then rerun the scenario as a BLEV E to compare the size of the
threat zones.

14
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BLEVEs

BLEVE stands for Boiling Liquid Expanding Vapor Explosion. BLEV Estypically occur in closed storage
tanks that contain a liquefied gas, usually a gas that has been liquefied under pressure. A gas can be
liquefied by either cooling (refrigerating) it to atemperature below its boiling point or by storing it at a
high pressure. Although both flammable and nonflammable liquefied gases may be involved in aBLEVE,
ALOHA only models flammable liquid BLEVES.

Propane is an example of achemical that has been involved in many BLEVE accidents. Most propane
tanks at service stations contain liquid propane. These tanks are neither insulated nor refrigerated, so the
tank contents are at ambient temperature. Since the ambient temperature is almost always significantly
above propane’s boiling point of -43.7 °F, the tanks are highly pressurized.

A common BLEV E scenario happens when a container of liquefied gasis heated by fire, increasing the
pressure within the container until the tank ruptures and fails. When the container fails, the chemical is
released in an explosion. If the chemical is above its boiling point when the container fails, some or all of
the liquid will flash-boil—that is, instantaneously become agas. If the chemical is flammable, a burning
gas cloud called afireball may occur if asignificant amount of the chemical flash-boils. ALOHA assumes
that any liquid not consumed in the fireball will form a pool fire.

ALOHA estimates the thermal radiation hazard from afireball and/or apool fire. Other potential BLEVE
hazards include overpressure, hazardous fragments, smoke, and toxic byproducts from the fire (although
ALOHA does not model these hazards). ALOHA focuses on the thermal radiation because in most
BLEVEsthermal radiation impacts a greater area than the overpressure and is the more significant threat.

Fireball. When you model aBLEVE, ALOHA assumes that afireball will form. The fireball is made up
of both the chemical that flash-boils when the tank fails and the chemical that sprays out as an aerosol
during the explosion. ALOHA estimates that the amount of chemical in the fireball is three times the
amount of chemical that flash boils. Any liquid that does not participate in the fireball will form apool fire.
When you choose to model a BLEVE situation in ALOHA, the program estimates the thermal radiation
from both fires; it is not necessary to run an additional Pool Fire scenario. The primary hazard associated
with afireball isthermal radiation. However, if there are other chemicals near the fireball, it can trigger
additional fires and explosions.

Explosion and hazardous fragments. InaBLEVE, ahigh-pressure explosion typically causes the
container to fragment. Asthe container breaks apart, it may strike objects in the surrounding area and
create additional debris. The container fragments and other debris—hazardous fragments—are swept up in
the explosion and rapidly propelled by the explosion over awide area. ALOHA does not model the
dispersion of hazardous fragments or overpressure (blast force) inaBLEVE. If aBLEVE islikely to occur,
first responders must take the necessary precautionsto protect themselves and others from the overpressure
and hazardous fragments.
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Flash fires (flammable area)

When aflammable vapor cloud encounters an ignition source, the cloud can catch fire and burn rapidly in
what is caled aflash fire. Potential hazards associated with aflash fire include thermal radiation, smoke,
and toxic byproducts from the fire. ALOHA will predict the flammable area of the vapor cloud—that is,
the areawhere aflash fire could occur at some time after the release. The flammable areais bounded by the
Lower Explosive Limit (LEL) and the Upper Explosive Limit (UEL). These limits are percentages that
represent the concentration of the fuel—that is, the chemical—vapor in the air. If the chemical vapor
comesinto contact with an ignition source, it will burn only if itsfuel-air concentration is between the LEL
and the UEL, because that portion of the cloud is already pre-mixed to the right mixture of fuel and air for
burning to occur.

If the fuel-air concentration is below the LEL, there is not enough fuel inthe air to sustain afire or an
explosion—it istoo lean. If the fuel-air concentration is above the UEL, there is not enough oxygen to
sustain afire or an explosion because there istoo much fuel—it istoo rich. (Thisis similar to an engine
that cannot start because it has been flooded with gasoline.) If aflash fire occurs, the part of the cloud
where the fuel-air concentration is above the UEL may continue to slowly burn as air mixeswith the cloud.

Isthere a difference between a Flammable Limit and an Explosive Limit?

No, there is no difference. The two terms can be used interchangeably. Some people
may prefer to use the terms Lower Flammable Limit (LFL) and Upper Flammable
Limit (UFL), particularly if they are only concerned with fires.

You might expect that the LEL could be used as the LOC to determine the areas in which afire might
occur. However, the concentration levels estimated by ALOHA are time-averaged concentrations. In an
actual vapor cloud, there will be areas where the concentration is higher than the average and areas where
the concentration is lower than the average. Thisis called concentration patchiness. Because of
concentration patchiness, there will be areas, called pockets, where the chemical isin the flammable range
even though the average concentration has fallen below the LEL. (ALOHA uses a shorter averaging time
when estimating the flammabl e areas, to help compensate for this effect, but it cannot completely
compensate for this effect.) Some experiments have shown that flame pockets can occur in places where
the average concentration is above 60% of the LEL. ALOHA uses 60% of the LEL asthe default LOC for
the red threat zone. Another common threat level used by respondersis 10% of the LEL. ALOHA usesthis
concentration as the default LOC for the yellow threat zone.

Vapor cloud explosions

When a flammable chemical is released into the atmosphere, it forms avapor cloud that will disperse as it
travels downwind. If the cloud encounters an ignition source, the parts of the cloud where the
concentration is within the flammable range (between the LEL and UEL) will burn. The speed at which the
flame front moves through the cloud determines whether it is a deflagration or a detonation (see next
page). In some situations, the cloud will burn so fast that it creates an explosive force (blast wave). The
severity of avapor cloud explosion depends on the chemical, the cloud size at the time of ignition, the type
of ignition, and the congestion level inside the cloud. The primary hazards are overpressure and hazardous
fragments. ALOHA can help you model the overpressure hazard.
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Deflagration and detonation. The destructive blast force of avapor cloud explosion dependsin part
on how quickly the explosion spreads—that is, the rate at which its flame front travels. Once an explosion
has been triggered, a flame front will spread through the flammable vapor cloud, igniting areas where the
concentration is in the flammabl e range. The explosion produces a pressure wave that spreads out into the
surrounding area, causing damage to people and property. The greater the speed of the flame front, the
more intense the pressure wave (overpressure), and the greater the destructive force of the explosion.

For most accidental explosions, the flame front will travel relatively slowly inwhat iscalled a
deflagration. For example, atypical deflagration flame front (for hydrocarbon combustions) travels about
2.2 miles per hour, or 1 meter per second (Lees 2001). For intentional explosions (and worst-case
accidental explosions), the flame front travelsrapidly in what is called a detonation. For example, atypica
detonation flame front (for hydrocarbon combustions) travels about 5,600 miles per hour, or 2,500 meters
per second (Lees 2001). In some situations, a deflagration flame front can accel erate into a detonation
flame front. Accidental explosions that result in a high-speed deflagration or a detonation are more likely
to occur in areas of high congestion and confinement.

Congestion and confinement. Congestion isaconcept used to quantify the way small structures
within the vapor cloud affect the severity of the explosion. Congestion refersto the density of obstacles
that generate turbulence. Obstacles of this nature are generally small, like a shrub, and do not impede the
flame front. Larger objects, like a building, can impede the flame front, so they should not be considered
obstacles for the purposes of congestion. Greater turbulence allows the flame front to accelerate, thereby
generating a more powerful blast wave (i.e., greater overpressure).

ALOHA uses two congestion levels: congested and uncongested. ALOHA's blast estimates are based on
experiments that used a volume blockage ratio (volume occupied by obstacles within the cloud divided by
cloud volume) of less than 1.5% for an uncongested cloud and greater than 1.5% for a congested cloud.

Estimating the level of congestion in anon-laboratory setting is difficult, but the following examples might
be helpful. Uncongested zones include: parking lots, open fields, suburban neighborhoods, and most urban
environments. Generally, a congested zone has so many closely spaced obstaclesthat it is difficult or
impossible to walk throughiit. It isuncommon for thislevel of congestion to be found throughout the entire
vapor cloud. However, pipe racks in industrial facilities and some forested areas (where the trees and
branches are closely spaced) may be characterized as congested areas.

Wheat role does confinement play in vapor cloud explosions?

Partial confinement can also increase the severity of the explosion. In general, a
vapor cloud is considered partially confined when walls, ceilings, or other
extended surfaces keep the cloud from moving freely. For example, an open-
sided parking garage is a partially confined space. ALOHA does not model
partialy or completely confined vapor clouds.
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ALOHA'’s limitations

Like any model, ALOHA cannot be more accurate than the information you give it to work with, soit is
important to enter the most accurate information. If you are unsure of avalue, you should choose avalue
that would give the worst-case scenario or run multiple scenarios and compare the results. Consult the on-
screen help or the Reference chapter if you are unsure of what choice to make. Additionally, ALOHA's
models use atmospheric information to estimate the spread of the chemical release. If any of the
atmospheric conditions (e.g., wind speed) change substantially during aresponse, you should correct the
inputs and create a new threat zone plot because the old plot may no longer be accurate.

Even when you can provide accurate input information, ALOHA's results can be unreliable under some
conditions and there are some effects that ALOHA doesn’'t model at all.

Conditions that can produce unreliable results
ALOHA's results can be unreliable when the following conditions exist:
* Very low wind speeds;
» Very stable atmospheric conditions;
» Wind shifts and terrain steering effects; or

» Concentration patchiness, particularly near the rel ease source.

Very low wind speeds. ALOHA'sthreat zones are accurate if the wind direction does not change from
the value that you entered. Generally, wind direction is |least predictable when wind speed is low. To show
how much a dispersion threat zone's position could change if the wind were to shift direction, under the
particular weather conditions that you enter, ALOHA draws two dashed lines, one along each side of the
threat zone. ALOHA predicts that about 95 percent of the time, the wind will not shift direction enough to
move the hazard outside of either line. The wider the zone between the lines, the less predictable is the
wind direction and the more likely it isto change substantially. At the lowest wind speeds acceptable to
ALOHA (about 2 knots, or 1 meter per second, at a height of 10 meters), these linesform acircle to
indicate that the wind could blow from any direction.

Very stable atmospheric conditions. Under the most stable atmospheric conditions (most common
late at night or very early in the morning), thereis usualy very little wind and almost no mixing of the
released chemical with the surrounding air. Gas concentrations within the cloud can remain high far from
the source. The accidental rel ease of methyl isocyanate gas at Bhopal, India, in 1984 is an example of what
can happen under very stable atmospheric conditions. Thousands of people died, including many who were
far from the release. In avery stable atmosphere, a chemical cloud will spread out in the same manner as
cream poured into a coffee cup. The cream will dilute and spread slowly into the coffee, but it will take a
very long time to mix completely into the coffee without stirring it. Similarly, the cloud will spread slowly,
and high gas concentrations may build up in small valleys or depressions and remain for long periods of
time, even at distances far from the release point. ALOHA does not account for buildup of high gas
concentrationsin low-lying areas.
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First responders should be aware that very stable atmospheric conditions create a dangerous situation in
which models like ALOHA are not very reliable. In this situation, think about whether the chemical will
behave as a heavy gas, and look for physical depressions and topographic features that may trap or steer
the dispersing cloud.

Wind shifts and terrain steering effects. ALOHA allowsyou to enter only single values for wind
speed and wind direction. It then assumes that wind speed and direction remain constant (at any given
height) throughout the area downwind of a chemical release. ALOHA also expects the ground to be flat
and free of obstacles. In reality, though, the wind typically shifts speed and direction asit flows up or down
slopes, between hills or down into valleys, turning where terrain features turn. The way in which land
features modify patterns of air flow is called terrain steering and it is shown in Figure 1-3.

Figure 1-3. Wind shifts from terrain steering.

In urban areas, wind flowing around large buildings forms eddies and changes direction and speed,
significantly altering a cloud’s shape and movement, as seen in Figure 1-4. Through streets bordered by
large buildings can generate a street canyon wind pattern that constrains and funnels a dispersing cloud.
ALOHA ignores these effects when it produces athreat zone plot; the threat zone will appear to go right
over, or through, obstacles such as buildings. Consider the effects of terrain on wind flow whenever you
are interpreting ALOHA results.

______________ e T e T
e
----------------------- I
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v
[ 3
___________________________ Ab‘__ o
___________________ B e

Figure 1-4. Small-scale variations in wind direction.
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Because the wind is likely to shift in direction and change speed over both distance and time, limits have
been placed on ALOHA's output. ALOHA will not make predictions for more than an hour after arelease
begins, or for distances more than 10 kilometers (6.2 miles) from the release point (it truncates threat zones
that are longer than 10 kilometers). ALOHA's 1-hour time cutoff exists because wind shifts direction and
changes speed frequently. One reason for the 10-kilometer cutoff for ALOHA threat zone length isthat we
don’'t know what the wind speed and direction are 10 kilometers away, and can’'t assume that they are the
same as those at the point where a chemical is being released. If ALOHA has incorrect values for wind
speed and direction, it can’t correctly estimate threat zone size or location.

Concentration patchiness. No one can predict the gas concentration at any particular instant
downwind of arelease with certainty, because they result partly from random chance. Instead, ALOHA
shows you concentration values that represent averages for time periods of several minutes (it usesthe
laws of probability aswell as meteorologists' knowledge of the atmaosphere to do this). ALOHA predicts
that average concentrations will be highest near the release point and along the centerline of any pollutant
cloud, and will drop off smoothly and gradually in the downwind and crosswind directions. However,
especialy near the source of arelease, wind eddies push a cloud unpredictably about, causing gas
concentrations at any moment to be high in one location and low in another. This kind of movement is
familiar to anyone who has tried to toast marshmallows over a campfire like the onein Figure 1-5 (no
matter where you sit, the smoke from the fire always seems to come straight towards you). Meanwhile, the
average concentrations are likely to behave approximately as ALOHA predicts. Asthe cloud moves
downwind from the release point, these eddies shift and spread the cloud, evening out concentrations
within the cloud so that they become more similar to ALOHA's predictions.

’

Y

Yt

're

<

Figure 1-5. Concentration patchiness close to the source.
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Effects that are not modeled
ALOHA doesn’t account for the effects of:
» Byproducts from fires, explosions, or chemical reactions,
» Particulates,
» Chemical mixtures;
» Terrain; and

» Hazardous fragments.

Byproducts from fires, explosions, or chemical reactions. ALOHA doesn’t account for the
byproducts of combustion (e.g., smoke) or for chemical reactions. ALOHA assumes that a dispersing
chemical cloud does not react with the gases that make up the atmosphere, such as oxygen and water vapor.
However, many chemicals react with dry or humid air, water, other chemicals, or even themselves.
Because of these chemical reactions, the chemical that disperses downwind might be very different from
the chemical that originally escaped from containment. In some cases, this difference may be substantial
enough to make ALOHA'’s dispersion predictions inaccurate. For example, if aluminum phosphide escapes
from containment and comes in contact with water, the reaction between the water and aluminum
phosphide produces phosphine gas. It is the phosphine, rather than the aluminum phosphide, that escapes
into the atmosphere. If you respond to such an accident, and wish to use ALOHA to obtain athreat zone
estimate, you need to estimate how rapidly phosphine is being generated from the reaction between water
and aluminum phosphide, and you need to model the incident in ALOHA as arelease of phosphine, rather
than aluminum phosphide.

Particulates. ALOHA does not account for the processesthat affect dispersion of particulates (including
radioactive particles).

Chemical mixtures. ALOHA isdesigned to model the release of pure chemicals and some chemical
solutions. It’s difficult for any model to correctly predict the behavior of a solution or a mixture of
chemicals because it's difficult to accurately predict chemical properties such as vapor pressure for
solutions or mixtures. ALOHA's predictions are greatly affected by this and other chemical properties.
When an incorrect property valueisused in ALOHA, the model’s rel ease rate and dispersion estimateswill
not be valid.

Terrain. ALOHA expectsthe ground below aleaking tank or puddle to be flat, so that the liquid spreads
out evenly in all directions. It does not account for pooling within depressions or the flow of liquid across
sloping ground.

Hazardous fragments. If achemical releaseinvolvesan explosion, there will be flying debrisfrom the
container and the surrounding area. ALOHA does not model the trajectories of the hazardous fragments.
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Installing ALOHA

This chapter describes how to install ALOHA on acomputer running Microsoft Windows
or on a Macintosh compulter.

Before you install ALOHA

Memory and hard disk space requirements

In Windows. ALOHA runsin Microsoft Windows. It requires about 2.5 megabytes of space on your
hard drive.

On a Macintosh. ALOHA runson Macintosh under Systems 7, 8, and 9. In System OS X, ALOHA wiill
run under Classic. It requires about 2.5 megabytes of space on your hard drive.

If you already have a previous version of ALOHA

If you already have aversion of ALOHA installed on your computer, the ALOHA Installer will update
your existing ALOHA files asfollows:

» It will not overwrite the ALOHA location library (CityLib.lib). Any location information you have
added will be retained.

It will replace your out-of-date chemical library (ChemLib) with the current version. Any chemical
information you have added to the library will not be saved. You will need to re-enter that
information into the new library after you have installed ALOHA. You will not be able to open a
previous version of the chemical library using the current version of ALOHA, so before you install
ALOHA be sure that you have a record—in some other form—of the information you have added to
the library.

Whether or not you have a previous version of ALOHA installed on your computer, follow the instructions
on the next page to install the current version.
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Installing ALOHA in Windows

To obtain the latest version of ALOHA, go to the following Web site: http://www.epa.gov/ceppo/cameo/.
Click on Request CAMEO. The EPA Get CAMEO page appears. Under Download CAMEO, scroll
down and click on ALOHA Download Page. Under Downloading the Program, click on Download
ALOHA for Windows. Follow the directions and save the aloha.exe file on your hard drive.

Making the installation
1. Exit al Windows programs before beginning the installation.
2. Doubleclick onthe ALOHA Installer.
3. Follow the instructions on your screen to install ALOHA.

To run ALOHA, open the Start menu, point to Programs, then click on the ALOHA icon.

Installing ALOHA on a Macintosh

To obtain the latest version of ALOHA, go to the following Web site: http://www.epa.gov/ceppo/cameo/.
Click on Request CAMEO. The EPA Get CAM EO page appears. Under Download CAMEO, scroll
down and click on ALOHA Download Page. Under Downloading the Program, click on Download
AL OHA for Macintosh. Follow the directions and save the alohains.sit.hgx file on your desktop.

Making the installation

1. If thealohains.sit.hgx file does not automatically expand to produce the ALOHA Installer, then
double-click on the alohains.sit.hgx file on the desktop—this will expand the .hgx file and produce
the ALOHA Installer on the desktop. (Stufflt Expander should be part of both System 9 and 10. If
your Macintosh computer does not have Stufflt Expander, you can download afree copy at the
following Web site: http://www.stuffit.com/mac/expander/).

2. Double-click the ALOHA Installer program icon.
3. Read the introductory information, then click Install to install ALOHA on your hard drive.

If you already have a previous version of ALOHA, your ALOHA fileswill be placed either in your
existing ALOHA Folder or inanew ALOHA Folder on the top level of your hard drive (or startup volume,
if you have more than one hard drive). The ALOHA Folder will contain ALOHA (the main program),
AlohaLib (afolder that contains CityLib and ChemLib), and ALOHA .prf (afile that contains specific
preference information. If you also are installing CAMEO on your computer, we recommend that you
place the ALOHA Folder inside your CAMEO Folder. You can move the ALOHA Folder to any location
on your hard drive, but don't remove any ALOHA files from this folder.

To run ALOHA, open the ALOHA Folder and double-click on the ALOHA icon.
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Learning the Basics

This chapter contains a step-by-step ALOHA example—atoxic gas dispersion scenario
describing achlorine release at afictional treatment plant in South Dakota. Follow along,
using your own copy of ALOHA, in order to familiarize yourself with its menus and
features. For more information about any aspect of ALOHA, go to the Reference chapter.

Guided tour

The Central Water Facility treatment plant islocated in a
rural area about 2 miles from Sioux Falls, South Dakota.
The plant uses 1-ton containers of chlorine in the water This tutorial chapter will give you a solid
trestment process (these tanks are 2.5 feet in diameter and understanding of how to move through the
6.8 feet long). The highest-risk operation at the plantisthe [ ALOHA menus and enter scenario

Fire and explosion scenarios

changing of chlorine tanks. This operation is done only information. However, this tutorial only
during daytime hours. At 2:30 p.m. on June 25, 2006, goes through atoxic gas dispersion

while being moved into the building, a single container scenario. If you plan on using ALOHA to
begins to leak through a valve located in the center of one run fire and explosion scenarios, you

end (this valve is one-half inch in diameter). The tank should also review the fire and explosion
contains one ton of chlorine when it beginsto leak. scenarios in the Examples chapter.

Local meteorologists at NOAA's National Weather Service Weather Forecast Office have provided the
weather conditions at Sioux Falls. These conditions are: awind speed of 5 miles per hour from the south
(measured at a height of 10 meters), sky three-tenths covered, air temperature of 72°F, and 50 percent
relative humidity. There is no low-level inversion.

You'll use ALOHA to assess the potential hazard by estimating:

» Thethreat zones, representing the areas downwind of the release that may be at risk; and

» The predicted chlorine concentrations at the Central Valley Elementary School, located about 1,500
yards downwind of the treatment plant. In ALOHA, thisfeature is called the Threat at Point.

Using on-screen ALOHA help

Asyou use ALOHA, you'll enter information on a series of dialog boxes to describe your
scenario. On most dialog boxes, you'll see at |east one Help button, which you can use to access
on-screen help. Click any of these buttons at any time to view an explanation of the ALOHA
feature you' re using or input value that you must enter into the model. To return to the dialog box
once you' ve finished reading the help information: a) with Microsoft Windows, close or
minimize the Help window or, b) on a Macintosh, click Cancel to exit from the on-screen help.
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Describing the time and place

Your first tasks are to start ALOHA, and then describe the time and place of the scenario.

1

Start ALOHA. (In Windows, click the Start button, point to Programs, then choose the ALOHA
item. On a Macintosh, double-click the ALOHA program icon located in the ALOHA Folder.)

Read the list of ALOHA's limitations (click Help | to see more details), then click OK.
Select Location from the SiteData menu. A Location Information

dialog box appears with alist of the names of citiesincluded in

ALOHA'slocation library. VecalonTs Chril k
Building Type...

The treatment plant is located 2 miles from Sioux Falls, South e Tvpe

Dakota. Type the characters “si” to quickly move to SIOUX Date & Time... Ctrl+E

FALLS, SOUTH DAKQOTA. Check to be sure that thisnameis
highlighted, then click Select.

Location Information

SEATTLE, WASHINGTON ~
SHAWNEE, OKLAHOMA

SHERMAN, TEXAS

Lance!
SMITHTOWN, NEW YORK
SNOHOMISH, WASHINGTON Add
SOMERSWORTH, NEW HAMPSHIRE
SOMERVILLE, MASSACHUSETTS
SOUTH BEND, INDIANA Modify
SPARKS, NEVADA

SPARTANBURG, SOUTH CAROLINA
SPOKANE, WASHINGTON Delete
SPRINGFIELD, ILLINOIS

ST. ALBANS, WEST VIRGINIA
ST. CHARLES, MISSOURI v Help

S

Central Valley Elementary School islocated about 1,500 yards

downwind of the treatment plant. ALOHA uses information about
building type, along with other information such as wind speed and
air temperature, to determine indoor infiltration rate and to estimate
indoor concentration at alocation of concern. (To estimate
infiltration rate into a building, ALOHA assumes that all doors and Date & Time... Ctrl+E
windows are closed.) Choose Building Type from the SiteData

menu. An Infiltration Building Parameters dialog box appears.

Location... Ctri+L
Building Type...
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6. Theschoal isasingle-storied building, surrounded mostly by open fields. Check to be sure that
Single storied building and Unsheltered surroundings are selected. Click OK.

Infiltration Building Parameters

Select building type or enter exchange parameter

" Enclosed office building _Help |

~ Single storied building
" Double storied building

T No. of air changes is || per hour

Select building surroundings Help |

" Sheltered surroundings [trees, bushes, etc.)
@« Unsheltered surroundings

Cancel |

7. Select Date& Timefrom
the SiteData menu. A Date m
and Time Options dial og box

appears.

8. Therelease occurs on June
D T
(ALOHA requirestime of a2 and,Time Options

cey in2¢haur time), Seet (RIS e e R
the Set a constant time

option. Type“6” in the ¢ Use internal clock  © Set a constant time

Month box, “25” in the Day
box, and “2006” in the Year

Location. .. Chrl+L
Building Type...

box. Type“14" in the Hour Input a constant date and time :

box and “30” in the Minute Month Day Year Hour Minute
box (click Help to learn how 6 25 2006 N4 30]

to convert atime valueto 24- n-12 n-31) (1900 -..) (0-23) (0-59)

hour time). Click OK.

Cancel | Help
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Choosing a chemical

Asyou build your ALOHA scenario, your next M
Atmospheric

task isto choose the chemical that is being '
released (chlorine). Source

1

To choose chlorine, select Chemical from Calautetion Options.

the SeUp menw. A Chemicd Informetion

dialog box appears with alist of the @ Pure Chemicals
chemicalsin ALOHA’s chemical librar e =
. y CAHEN; Solutions .
Select Pure Chemicals at the top of the CHLORAMINE Cancel |
window (this should be the default). Find CHLORINE DICOIDE
CHLORINE in thelist (quickly type the CHLORINE PENTAPLUORIDE Add
characterscif tolocatechlorinemore | [GuarATe, ot |
rapidly inthelist), click onthisname, then CHLOROACETYL CHLORIDE
click Select. CHLOROANILINE Detete |
CHLOROBENZENE
M-CHLOROBENZOTRIFLUORIDE v Help |

Describing the weather

When entering weather information in ALOHA, you must choose whether you are going to enter weather
information manually or from a portable monitoring—or SAM—station. In this example, you'll enter
information manually.

1

In the SetUp menu, point to
Atmospheric, then select User Input.

The first Atmospheric Options dialog Chemical... Chrl+H

box appears
Thewindistravellingfromthesouthat =~ Source b|  SAMStation... X
aspeed of 5 miles per hour (mph). Calculation Options...

Type“5" in the wind speed box, then
select mph. Type“S’ in the wind
direction box. Atmospheric Options

The wind conditions were measured at | Wind Speedis: |5 C knots & mph " meters/sec _Help |
aheight of 10 meters (thisisthe height Wind is from |S Enter degrees tue or text (e.g. ESE])
at which the National Wesather Service | Measuement Height sbove groundis: ~_ Help |

' e I ORI erter vakia |1IJ_ " feet
usually takes measurements). Select oy CIISHYORS * meters
the tower icon in the Measurement —
Height section. Notice that ALOHA
hasfilled in avalue of 10 meters.
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The exact ground roughness (a measure of
the unevenness, or roughness, of the terrain
over which the gas cloud passes) is not
known, but the accident occursin arural
farming area—open fields with few trees
and buildings. (In ALOHA, ground
roughness can be entered explicitly—if the
exact roughness number is known—or
implicitly by choosing arepresentative type
of terrain.) Select the Open Country
ground roughness option.

About 3 tenths of the sky is covered by
clouds. Under Select Cloud Cover, choose
the fourth option from the left (the option
between the partly cloudy and clear
options). Noticethat ALOHA hasfilledina
value of 3. Click OK. The second
Atmospheric Options dialog box appears.

The air temperature is 72°F. Type“ 72" in
the air temperature box, then select F.

ALOHA uses the wind speed, cloud cover,
and date and time information that you've
entered to automatically select atmospheric
Stability Class B. (Stability is a measure of
the amount of turbulence in the
atmosphere; the more turbulent the air, the
more quickly a pollutant cloud isdiluted; B
isarelatively less stable—that is, more
turbulent—stability class.)

Thereis no low-level inversion. Check to
be sure that No inversion is selected.

The relative humidity is about 50 percent.
Select the icon for medium humidity.
Notice that ALOHA hasfilled in avalue of
50 percent. Click OK.

Atmospheric Options

Wind Speedis: |5 " knots & mph  meters/sec _Help
Wind is from 13 Enter degrees tiue or text [e.g. ESE)
Measurement Height a}l:pve ground is: Help

. 1 " feet
e Gi,,{-'j..:‘-':-._ OR " enter value: |10 G osters
Ground Roughness is : Help |
P oy 0B C Input Roughness (Zo):

" Utban or Forest '
" Open'Water
Select Cloud Cover : Help |

@ @ Q < 0R O enter value i?

¥ ¥ % 9 I (0-10)
complete partly clear
cover cloudy

| 0K |E I Cancel

Atmospheric Options 2

Ait Temperature is - [?2 Degrees & F C C  Help |
Stability Class is : Help |C AG BC CC DC 3 Override |
Irvwersion Height Options are : Help
=

¢ Nolnversion ( Inversion Present, Heightis: I :::llﬂs
Select Humidity : Help |

U

O G CIORC entervaie B %

wet medium dry (0-100)

[ok N Cancel |
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Describing the release

Now you're ready to enter information about the rel ease itself—that is, to “ set the source”—for this

scenario.

1. Thechlorine at the treatment
plant is stored in tanks. In the
SetUp menu, point to Source,
then select Tank. A Tank Size
and Orientation dialog box

appears.

2. Thechlorineisstoredin
horizontal, standard 1-ton
containersthat are 2.5 feet in
diameter and 6.8 feet long. Select
Horizontal cylinder. Type“2.5”
in the diameter box, then select
feet. Type“6.8" in the length
box. Notice that ALOHA
automatically calculates the tank
volume. Click OK. A Chemicd
State and Temperature dial og box

appears.

3. Chlorineisagas at ambient
temperatures, but it is being
stored under pressure as a
liquefied gas at ambient
temperature (the tank is not
refrigerated in this scenario).
Select the Tank containsliquid
option. Check to be sure that
Chemical stored at ambient
temperatureis selected. Click
OK. A Liquid Mass or Volume
dialog box appears.

Chemical... Ctrl+H
Atmospheric N
Orect.. D
) . Puddle... Ctri+U
Calculation Options...

Gas Pipeline... Ctrl+l !

Tank Size and Orientation

Select tank type and

orientation: phere
Wartical cplinder
Hosizoatsl cybndar
@ e -

Enter two of three values:

diameter [z 5

——ng e

“ feet © meters
I length Eﬁ.ﬂ
drmater
I volume EZSU @ gallons © cufeet
Cancel Help l

Chemical State and Temperature

Enter state of the chemical: Help |
@ Tank contains liguid
" Tank contains gas only
" Unknown

Enter the temperature within the tank: Help I

 Chemical stored at ambi

" Chemical stored at !?2 degrees &F ¢

t temperature

OK Cancel
h.
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4. Thetank contains 1 ton (2,000 Ibs) of chlorine. Select tons (2,000 Ibs), then type“1” inthe massin

tank box. Notice that ALOHA fillsin the other values. Click OK. An Areaand Type of Leak dialog
box appears.

Liquid Mass or Yolume

Enter the mass in the tank OR volume of the liquid
P "

The mass in the tank is: [“ @ tons{2,000 Ibs)

" kilograms
OR

Enter liquid level OR volume

& gallons
- The liquid .

volumeis: [170° " cubic feet
™ liters
- ™ cubic meters
524 % full by volume
=]
Cancel Help

5. Thechlorineisleaking from a half-inch diameter valve. Check to be sure that Circular openingis
selected. Type “0.5” in the opening diameter box and select inches. Choose the Short pipe/valve
option. Click OK. A Height of the Tank Opening dialog box appears.

Area and Type of Leak

Select the shape that best represents the shape of
the opening through which the pollutant is exiting

 —

S lungth——
@ Circular opening " Rectangular opening
® inches
05  feet
Opening diameter: I 4

" centimeters

 meters

Is leak through a hole or short pipepvalve?

" Hole & Short pipepvalve
Cancel Help
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6.

Theleaking valveislocated at the center of one end of the tank. Type“50” in the percent of the way
to the top of the tank box. Notice that ALOHA fillsin the other values. Click OK.

Height of the Tank Opening

+| The bottom of the leak is:

i'l.25 Tin #ft Tem T m

above the bottom of the tank
i

lig.level

OR

= !50] 26 of the way to the top of

the tank

Cancel I Help I

ALOHA then calculates the rate of release of chlorine from the tank, the duration of the release, and
the total amount released. You' Il see these calculation resultsin the Text Summary window and in
the source strength graph.

Choose Sour ce Strength from the Display menu to see the source strength graph for this scenario.
The graph shows the predicted averaged release rate during the hour after the release begins.

W Source Strength (Release Rate) Q@E

pounds/minute

200 4
150 A
100 A

50 1

0 10 20 30 40

minutes

On the graph, time since the release started (from 0 to 40 minutes) is shown on the horizontal axis
(minutes), and release rate is shown on the vertical axis (pounds/minute). You can see from this
graph that because the chlorine is escaping from a pressurized container, ALOHA predicts that
release rate starts out high, then declines as container pressure drops. The highest step on this graph
isthe Maximum Averaged Sustained Release Rate.
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In the Text Summary, under the Source Strength heading, you can see the estimated Maximum Average
Sustained Release Rate. ALOHA predicts release rate from a puddle, tank, or gas pipeline as a series of
hundreds of brief timesteps. ALOHA then averages this series of many release rates into between one and
five release rates, each averaged over atime period of at least 1 minute. The Maximum Average Sustained
Release Rate isthe highest of these averaged release rates. To save calculation time, ALOHA uses only the
averaged release rate(s) to make its threat zone estimates.

~

SITE DATA:
Location: SIOUX FALLS, SOUTH DAKOTA
Building Air Exchanges Per Hour: 0.43 (unsheltered single storied)
Time: June 25, 2006 1438 hours CDT (user specified)

CHEMICAL DATA:

Chemical Hame: CHLORINE Molecular Weight: 70.91 g/mol
AEGL-1(60 min): 0.5 ppm AEGL-2(60 min): 2 ppm AEGL-3(60 min): 20 ppm
IDLH: 18 ppm

Carcinogenic risk - see CAMED

Ambient Boiling Point: -31.2° F

Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.6%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 miles/hour from S at 10 meters

Ground Roughness: open country Cloud Cover: 3 tenths
Air Temperature: 72° F Stability Class: B
Ho Inversion Height Relative Humidity: 56%

SOURCE STRENGTH:
Leak from short pipe or walve in horizontal cylindrical tank
Hon-flammable chemical is escaping from tank

Tank Diameter: 2.5 feet Tank Length: 6.8 feet

Tank VUolume: 258 gallons

Tank contains liquid Internal Temperature: 72° F
Chemical Mass in Tank: 1 tons Tank is 68% full

Circular Opening Diameter: 8.5 inches
Opening is 1.25 feet from tank bottom
Release Duration: 33 minutes
Max Average Sustained Release Rate: 172 pounds/min
(averaged over a minute or more)
Total Amount Released: 827 pounds
Hote: The chemical escaped as a mixture of gas and aerosol (two phase flow).

The Text Summary window is like a blackboard: you can check its contents at any time to verify that
you've entered correct valuesinto ALOHA, or to review ALOHA'sresults. If your Text Summary window
doesn’'t look like the one above, revise any incorrect information by choosing the appropriate menu item,
then modifying the information that you entered. For example, if you indicated that the building is
sheltered rather than unsheltered, choose Building Type from the SiteData menu again, click Unsheltered
surroundings, then click OK. When you are sure that the Text Summary information is correct, you’'re
ready to move on to the next steps.
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Checking the Calculation and Display Options settings

Unless you specifically change its default setting, ALOHA uses information about the properties of the
chemical and the amount of chemical released to choose whether to make Gaussian or heavy gas
dispersion computations. Check to be sure that ALOHA is set to this default.

1. Select Calculation Optionsfrom the SetUp menu. A Calculation Options dialog box appears.
2. Check to besurethat Let ALOHA decide (select thisif unsure) is selected. Click OK.

Calculation Options

SetUp Select the Spreading Algorithm for Downwind
Dispersion:
Chemical... Ctrl+H

@ Let ALOHA decide [select this if unsure)

Atmospheri »
kmospheric " Use Gaussian dispersion only

»
Source " Use Heavy Gas dispersion only

Calculation Options. ..
Concel_| Help |
N

3. Sdect Display Options from the Display menu. A Display Options dialog box appears. Select
English units and ALOHA's computation results will be displayed in those units. (When running
ALOHA, you can choose either type of units, but for this example English units have been
selected.) Click OK.

Threat Zone... Ctrl+F

Threat At Point.,. Ctrl4+R Display Options

Text Summary — Ctrl+K Select 0:";“‘ :’“L‘S: Help_|
* English units

Source Strength  Ctrl+G  Metric units

Tile Windows - Cancel |

Stack Windows 2

Display Options... Ctrl+Y
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Creating a threat zone plot

To obtain athreat zone estimate, you must first choose at least one Level of Concern (LOC). (ALOHA
alows you to choose up to three LOCs for asingle scenario.) For toxic gas dispersion scenarios like this
one, an LOC is athreshold concentration of the gas—usually the concentration above which ahazard is
believed to exist. For each LOC you choose, ALOHA estimates the region, or threat zone, where the
ground-level pollutant concentration may exceed your chosen level at some time after arelease begins.
ALOHA superimposes those threat zones estimates and displays them on a single composite threat zone
plot—each threat zone is shown in adifferent color. The red threat zone represents the worst hazard and
the orange and yellow threat zones represent areas of decreasing hazard.

Choosingan LOC

No LOC represents an exact line between hazardous and non-hazardous
conditions, because people differ in their sensitivity to chemicals (for example,
old, sick, or very young people may be more sensitive to chemicals than healthy
adults) and other hazards. An LOC that’s appropriate for one person may be too
high for somebody else. When you use an LOC in ALOHA, familiarize yourself
with its definition, to be sure it’s appropriate for the work that you’ re doing and
the population that you' re concerned about. Treat ALOHA's threat zone as a
rough estimate of the true hazard zone for a chemical release.

1. Choose Threat Zone from the Display menu. A Toxic Level of Concern dialog box appears.

Display
Threat Zone... Ctri+F
Threat At Point... Ctrl+R h

Text Summary Chrl+K
Source Strength  Ctrl+G

Tile Windows
Stack Windows

Display Options... Ctrl+Y
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2. Decide which LOC values you want ALOHA to use to define the threat zones. For this example,
you' |l keep the default LOCs for chlorine—the Acute Exposure Guideline Levels (AEGLS). Note:
the AEGL leve increaseswith increasing hazard. Therefore, ALOHA uses AEGL-3 for the
red threat zone. Many other toxic thresholds besides AEGL s exist. Click the Help button on the
Toxic Level of Concern dialog box to learn more about choosing an LOC.

What do the AEGL levelsrepresent?

AEGL -1: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could experience
notable discomfort, irritation, or certain asymptomatic nonsensory effects.
However, the effects are not disabling and are transient and reversible upon
cessation of exposure.

AEGL -2: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could experience
irreversible or other serious, long-lasting adverse health effects or an impaired
ability to escape.

AEGL -3: The airborne concentration of a substance above which it is predicted
that the general population, including susceptible individuals, could experience
life-threatening health effects or death.

Each of the three levels of AEGL—AEGL-1, AEGL-2, and AEGL-3—are established for each of
five exposure periods: 10 minutes, 30 minutes, 60 minutes, 4 hours, and 8 hours. Note: In ALOHA,
the 60-minute AEGL exposure limits are the default toxic LOCs (when available).

Toxic Level of Concern

Select Towic Level of Concerm:
Red Threat Zone
Tilod [AEGL-3(60 min) 20ppm

Orange Threat Zone
LOC: |AEGL-260 min} 2ppm |

Yellow Threat Zone
LOC: |AEGL1(B0min} 05ppm v |

Show confidence lines:

i+ only for longest threat zone
" for each threat zone

[ ok [! Cancel Hep |

3. Inthe“Show confidencelines’ section, check to be sure that only for the longest threat zone
option is selected. Click OK. A Toxic Threat Zone window appears.
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4.

Examine ALOHA's threat zone plot for this scenario. On the plot, the red, orange, and yellow
regions represent the areas where chlorine concentrations are predicted to exceed the corresponding
LOC values (in this case, the AEGL values) at some time after the release begins. The red AEGL-3
threat zone—the area with the greatest exposure level—is predicted to extend more than half amile
downwind of theleaking cylinder. The orange AEGL -2 threat zone is predicted to extend more than
one and a half miles downwind and the yellow AEGL-1 threat zone is predicted to extend for more
than two miles.

I Toxic Threat Zone g@@
miles
3
-
v

1 / \

/ \

W |
0 .E\——‘”’?
1 \ /

\ 7

N\ /
e
3
2 0 2 4 6 8
miles

=) >= 20 ppm = AEGL-3 (60 min)
= >= 2 ppm = AEGL-2 (60 min)
D >= 0.5 ppm = AEGL-1(60 min)
- Confidence Lines

Dashed lines along both sides of the yellow threat zone indicate uncertainty in the wind direction.
The wind rarely blows constantly from any one direction. Each time it shifts direction, it blows a
pollutant cloud in anew direction. The “uncertainty lines’ around the longest threat zone enclose
the region within which, about 95 percent of the time, the gas cloud is expected to remain.

Review the Text Summary. You'll seetheline of text, Model Run: Heavy Gas, informing you that
ALOHA used the heavy gas model to make its threat zone estimate. Because the initia cloud of
chlorineis heavier than air, ALOHA modelsit as a heavy gas rather than as agas that is about the
same weight as air.

& Text Summary

THREAT ZONE:
Model Run: Heavy Gas

Red : 1124 yards --- (20 ppm = AEGL-3(60 min))
Orange: 1.7 miles --- (2 ppm = AEGL-2({60 min))
Yellow: 2.8 miles --- (8.5 ppm = AEGL-1(68 min))
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Determining threat levels at a specific location

You can use ALOHA not only to estimate the extent of the area that could
be at risk in an incident (that’s the threat zone), but also to obtain
predicted indoor and outdoor concentrations at any location of special

. . ’ Threat Zone... Ctrl+F
concern during the hour after arelease begins (that’sthe threat at a point). Threat At Point... CtrHR
Text Summary Ctri+K

The Central Valley Elementary School is located about 1,500 yards

downwind of the treatment plant. You have already indicated the school’s SCMER SSEaE_ SRR

building type and degree of shelter from the wind. Next, you'll indicate Tile Windows
the location of the school relative to the release point at the treatment Stack Windows
pl ant. Display Options... Ctrl+Y

1. Choose Threat At Point from the Display menu. A
Concentration Location dialog box appears.

2. Click Relative Coordinates, to indicate that you are describing the school’s location in terms of its
downwind and crosswind distance relative to the release point. (In other situations, you might
choose to describe the school’s location in terms of geographic—east-west or north-south—
distances.) Type“1500" in the downwind distance box, then select yards. Type“0” in the crosswind
distance box. (When you enter a crosswind distance of “0,” you' reindicating that the wind is
blowing the gas cloud directly towards the location of concern, so that concentrations will be as
high as possible. ALOHA's concentration graph then represents the worst-case prediction for the
location.) Click OK.

Concentration Location

Specify the location at which you want to evaluate the
concentration over time.

# Relative Coordinat Evaluati

[Downwind,Crosswind) Point
2§ Wind direction
" Fixed Coordinates i '
[East-West,North-South) >
. =
Input X, the downwind che@/

distance from the source and
Y, the perpendicular distance

from the downwind axis. " feet

Input X, the downwind distance: ,['I 500 « yards
" miles
Input Y, the crosswind distance: |0 C meters
" kilometers
OK El Cancel I Help
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ALOHA then displays a graph of predicted chlorine concentrations at the school during the hour after the
release begins. The horizontal axis of this graph represents time (from 0 to 60 minutes after the release
starts), and the vertical axis represents concentration at the location expressed in parts per million (ppm).
The solid, thin red line represents the predicted outdoor, ground-level concentration. The dashed blue line
represents predicted concentration inside a building of the type you selected using the Building Type
menu item in the SiteData menu. To draw thisline, ALOHA assumes that the building’s doors and
windows are closed and that its ventilation system is off. The horizontal red, orange, and yellow lines
represent the LOCs (in this case, AEGL-3, AEGL-2, and AEGL-1, respectively).

W Concentration at Point E@@
ppm
20 AEGL-3 (60 min)

15
10

5 A / .I'I

e AEGL-2 (60 min)
0 secescecceceeaeoo.. AEGL=1(60 min)

0 20 40 60

minutes
—— Outdoor Concentration
------ Indoor Concentration
At Point: Downwind: 1500 yards Off Centerline: 0 yards

ALOHA predicts that the cloud of chlorine would arrive at the school in about 7 minutes (that’s when the
outdoor concentration line beginsto rise stegply on the graph), under the conditions of this scenario. Notice
that the indoor concentration is predicted to remain much lower than the outdoor concentration, aslong as
the school’s door and windows are closed. You also can seethat ALOHA predicts that outdoor
concentration would exceed one LOC (AEGL-2) for this scenario only briefly, but will exceed alower
LOC (AEGL-1) for much longer.

The indoor concentration does not exceed any of the LOC values; however, it does approach the AEGL-1
LOC for asignificant period of time. At thislevel, people inside the building may begin to experience
notable discomfort, irritation, or other temporary effects. Bear in mind that no LOC represents an exact
line between hazardous and non-hazardous conditions, because people differ in their sensitivity to
chemicals (for example, old, sick, or very young people may be more sensitive to chemicals than healthy
adults) and other hazards. People who are more sensitive to the chemicals may experience more serious
health effects than those predicted for the AEGL-1 level, even though that level was not exceeded in the
hour after the release.

When you use ALOHA in planning or response, you may wish to compare predicted concentrations with
other toxic thresholds besides AEGLs. Be sure that the LOCs that you choose reflect the hazard that you
are concerned about, and are conservative enough for the uses to which you' re putting your ALOHA
results. (You make a conservative choice when the option is more likely to produce an overestimate of the
hazard rather than an underestimate.)
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Here's how the Text Summary window should look, now that you have completed your work with this
example scenario (note that depending on the type of computer you use, some of the numbers that you see
on your screen may be dlightly different than those in the following figure):

& Text Summary E]@ X
SITE DATA: s
Location: SIOUX FALLS, SOUTH DAKOTA
Building Air Exchanges Per Hour: 0.43 (unsheltered single storied)
Time: June 25, 2006 1438 hours CDT (user specified)

CHEMICAL DATA:

Chemical Hame: CHLORINE Molecular Weight: 70.91 g/mol
AEGL-1(60 min): 0.5 ppm AEGL-2(60 min): 2 ppm AEGL-3(60 min): 20 ppm
IDLH: 18 ppm

Carcinogenic risk - see CAMEOD

Ambient Boiling Point: -31.2° F

Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.6%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 5 miles/hour from S at 10 meters

Ground Roughness: open country Cloud Cover: 3 tenths
Air Temperature: 72° F Stability Class: B
Ho Inversion Height Relative Humidity: 56%

SOURCE STRENGTH:
Leak from short pipe or walve in horizontal cylindrical tank
Hon-flammable chemical is escaping from tank

Tank Diameter: 2.5 feet Tank Length: 6.8 feet

Tank Volume: 258 gallons

Tank contains liquid Internal Temperature: 72° F
Chemical Mass in Tank: 1 tons Tank is 68% full

Circular Opening Diameter: 8.5 inches
Opening is 1.25 feet from tank bottom
Release Duration: 33 minutes
Max Average Sustained Release Rate: 172 pounds/min
(averaged over a minute or more)
Total Amount Released: 827 pounds
Hote: The chemical escaped as a mixture of gas and aerosol (two phase flow).

THREAT ZONE:
Model Run: Heavy Gas

Red : 1124 yards --- (20 ppm = AEGL-3(60 min))
Orange: 1.7 miles --- (2 ppm = AEGL-2(60 min))
Yellow: 2.8 miles --- (0.5 ppm = AEGL-1(60 min))

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 1500 yards 0ff Centerline: O yards
Max Concentration:
Outdoor: 18.9 ppm
Indoor: ©.342 ppm

Exiting (Quitting) ALOHA

When you’ ve completed your work with ALOHA, just choose Exit from the File menu if you' re using
Windows, or Quit from the File menu if you' re using a Macintosh. (You can also first save any ALOHA
scenario as afile you can reopen later in ALOHA; check the section of the Reference chapter describing
the File menu to learn how to do this).
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This chapter contains three step-by-step ALOHA example scenarios. You can complete
the first two scenarios using only ALOHA. To complete the third scenario, you' |l also
need the electronic mapping application, MARPLOT, aswell as the sample map of Prince
William County supplied with MARPLOT.

Example 1: A Tank Source (Puddle and Pool Fire)

Inasmall industrial park outside Baton Rouge, L ouisiana, a 500-gallon, 4-foot-diameter, vertical tank
contains liquid benzene. On August 20, 2006, at 10:30 p.m. local time, a security guard discovers that
liquid is leaking out of the tank through a 6-inch circular hole located 10 inches above the bottom of the
tank. He also sees that the liquid is flowing onto a paved areain the industrial park. The guard thinks that
the tank hasjust been filled that evening.

The temperature on scene is 80°F, with the wind from the southwest at 7 miles per hour (as measured at a
height of 10 meters by afixed meteorological tower at the site). The sky is more than half covered by
clouds and the humidity is about 75 percent. A thunderstorm is approaching from the southwest. Thereis
no low-level inversion. There are very few buildingsin the industrial park and alarge grassy fidld is
located to the northeast of the industrial park.

The Local Emergency Planning Committee has requested that on-scene responders use ERPG-2
concentrations to define the toxic endpoints in their analysis of benzene hazards.
In this example scenario, you' |l determine:

1. Distanceto the ERPG-2 level if the puddle evaporates and forms atoxic vapor cloud; and
2.  Thermal radiation threat if the puddieisignited by alightning strike and forms a pool fire.

Choosing alocation and a chemical

1. Start ALOHA. (In Windows, click the Sart button, point to Programs, then choose the ALOHA
item. On a Macintosh, double-click the ALOHA program icon located in the ALOHA Folder.)

2. Readthelist of ALOHA'slimitations (click Help |to see more details), then click OK.

3. Sdect Location from the SiteData menu. A Location Information dialog box appears with alist of
the names of citiesincluded in ALOHA's [ocation library.
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4. Theindustrial park islocated outside Baton Rouge, Louisiana. Type the characters “ba’ to quickly
move to the section of the list containing names beginning with “ba.” Scroll down alittle farther
until you see BATON ROUGE, LOUISIANA. Click on this name to highlight it, then click Select.

Location Information

BAKERSFIELD, CALIFORNIA ~
BALTIMORE, MARYLAND

BARNWELL, SOUTH CAROLINA

BARSTOW, CALIFORNIA Cancel
BATAVIA, ILLINOIS
BATAVIA, NEW YORK A
[BATON ROUGE, LOUISIANA |

BEAUMONT, TEXAS
BEAVERTON, OREGON Modify
BELLEVILLE, ILLINOIS

BENSON, NORTH CAROLINA
BERKELEY, CALIFORNIA Delete
BILLINGS, MONTANA
BIRMINGHAM, ALABAMA
BISMARCK, NORTH DAKOTA v Help

34443

In this example, you will not modify the default building type settings because you will not assess indoor
concentration at specific locations.

5. Sdect Date & Timefrom the SiteData menu. A Date and Time Options dialog box appears.

6. Therelease occurson August 20, 2006 at 10:30 p.m. Select the Set a constant time option. Enter
the month, day, year, hour and minute for this scenario (press Tab to move from one box to the
next). ALOHA requires you to convert the time of day into 24-hour time (click Help to learn how to
convert time values). Click OK.

Date and Time Options

You can either use the computer's internal clock for the model's date
and time, or set a constant date and time.

" Use internal clock  ~ Set a constant time

Input a constant date and time :

Month Day Year Hour Minute
8 20 2006 22 30
n-12 [1-31) (1900 -...] [0-23) [0-59)

OK l Cancel | Help

41



Chapter 4. Examples

7. To choose the chemical that isbeing
rel eased—benzene—select Chemical
from the SetUp menu. A Chemical
Information dialog box appears with a
list of the chemicalsin ALOHA's
chemical library.

8. Seect Pure Chemicals at the top of

the window (this should be the default).

Find BENZENE in thelist (type the
character “b” to locate benzene more
rapidly in thelist), click on this name,
then click Select.

Entering weather information

Chemical Information

View: @ Pure Chemicals

" Solutions

ARSINE A
1-AZIRIDINYL PHOSPHINE OXIDE [TRIS)
AZOXYMETHANE

BENZALDEHYDE

Add
BENZENE PHOSPHORUS DICHLORIDE
BENZENE PHOSPHORUS THIODICHLORIDE
BENZENESULFONYL CHLORIDE
BENZONITRILE

BENZOTRIFLUORIDE

BENZYL BROMIDE

BENZYL CHLORIDE

BENZYL CHLOROFORMATE v

i

Cancel

Modify

Delete

4.

Help

Now that you' ve selected the location, time, and chemical, you must provide information about weather

conditions and ground roughness.

1. Inthe SetUp menu, point to Atmospheric, then select User Input. The first Atmospheric Options

dialog box appears.

2. Thewindistravelling from the
southwest at a speed of 7 miles per
hour. Type“7” in the wind speed box,
then select mph. Type “SW” in the
wind direction box.

3.  Thewind conditions are measured at a
height of 10 meters. Select the tower
icon in the Measurement Height
section. Noticethat ALOHA hasfilled
in avaue of 10 meters.

4. Therearevery few buildingsin the
industrial park and alarge grassy field
is located to the northeast (the area
where the wind would blow the toxic
vapor cloud). Select the Open
Country ground roughness option.

Atmospheric Options

Wind Speed is : i?  knots ~ mph  metersisec Help |
Wind is from : iSW Enter degrees true or text [e.g. ESE)

Measurement Height above ground is:  Help |

L = OR O entervalue : ;'II] o feet

* meters

Ground Roughness is :

Help I
@ Open Country

© Urban or Forest OR " Input Roughness [Zo) :

" Open Water
Select Cloud Cover : Help |
@ @ Q" OR © enter value : [7
- @ e c s (0-10)
complete partly clear
cover cloudy

Cancel |

.

5. Thesky ismore than half covered by clouds. Under Select Cloud Cover, choose the second option
from the left (the option between the complete cover and partly cloudy options). Notice that
ALOHA hasfilled in avalue of 7. Click OK. The second Atmospheric Options dialog box appears.
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The air temperature is 80°F. Type “80” in
the air temperature box, then select F.

ALOHA uses the wind speed, cloud cover,
and date and time information that you' ve
entered to automatically select atmospheric
Stability Class D, representing conditions
of neutral atmospheric stability.

Thereis no low-level inversion. Check to
be sure that No inversion is selected.

The relative humidity is about 75 percent.
Choose the second option from the left (the
option between the wet and medium
options). Notice that ALOHA hasfilled in
avalue of 75 percent. Click OK.

Atmospheric Options 2

Air Tempetature is : !80 Degrees <~ F C C _Help |

Stability Class is : Hep |C ACEC CE DO 63 Override |
Irvwersion Height Options are : Help
=

¢ Nolnversion ( Inversion Present, Heightis: I ::::ﬂs
Select Humidity : Help |

phrky

VI

g™ o« > K " OR " enter value {—?5 %z

wet medium dry (0-100)

0K Cancel |
Ll

The information that you have entered into ALOHA appears in the Text Summary. Ignore ALOHA’s
estimate of building exchange rate, since you are not considering infiltration into buildings.

&8 Text Summary

SITE DATA:
Location: BATON ROUGE, LOUISIANA

CHEHMICAL DATA:
Chemical Name: BENZENE
ERPG-1: 58 ppn ERPG-2: 150 ppm
IDLH: 500 ppn LEL: 12008 ppm
Ambient Boiling Point: 176.1° F

Ground Roughness: open country
Air Temperature: 80° F
No Inversion Height

Building Air Exchanges Per Hour: 6.
Time: August 20, 2006 2230 hours CDT (user specified)

Uapor Pressure at Ambient Temperature: 0.13 atm
Ambient Saturation Concentration: 134,835 ppm or 13.5%

ATHOSPHERIC DATA: (MAHUAL IHPUT OF DATA)
Wind: 7 miles/hour from SW at 18 meters

58 (unsheltered single storied)

Molecular Weight: 78.11 g/mol
ERPG-3: 1000 ppn
UEL: 80080 ppm

Cloud Cover: 7 tenths
Stability Class: D
Relative Humidity: 75%
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Describing the release
Now you're ready to enter information about the release itself—that is, to “ set the source”—for this
release.
1. Thebenzeneisleaking from atank. In the SetUp menu, point to Sour ce, then select Tank. A Tank
Size and Orientation dialog box appears.

2.  Thebenzeneisstored in a500-gallon, 4-foot-diameter, vertical tank. Select Vertical cylinder. Type
“500” in the volume box, then select gallons. Type“4” in the diameter box, then select feet. Notice
that ALOHA automatically calculates the tank length. Click OK. A Chemical State and

Temperature dialog box appears.

Tank Size and Orientation

Select tank type and
orientation:

Sphere
Vertical clinder
-~ [j @
C [0 C

Enter two of three values:

= diameter 4

« feet " meters
length _
T volume & gallons © cufeet
Cancel I w

3. Thebenzeneisstored in thetank as aliquid (notice in the Text Summary that it has a boiling point
of 176°F, well above the ambient temperature). Select the Tank containsliquid option. Check to be
sure that Chemical stored at ambient temperatureis selected. Click OK. A Liquid Mass or

Volume dialog box appears.

Chemical State and Temperature
Enter state of the chemical: Help |
@ Tank contains liquid

" Tank contains gas only

" Unknown
Enter the temperature within the tank: H
elp |
@ Chemical stored at ambient temperature

" Chemical stored at iBI] degrees &F ¢

Cancel I
R

44



Chapter 4. Examples

4. The security guard thinks the 500-gallon tank was filled that evening, so the most conservative
estimate you can make is that the tank is 100 percent full. Either (1) type “100” in the % full by
volume box, (2) type “500” in theliquid volume box, then click gallons, or (3) scrall theliquid level
bar to the top of the tank diagram. Notice that ALOHA fills in the other values. Click OK. A Type
of Tank Failure dialog box appears.

Liguid Mass or Yolume

Enter the mass in the tank OR volume of the liguid
r~ a

p

 tons(2,000 Ibs]

The mass in the tank is: i'I.BZ

 kilograms

OR
Enter liguid level OR volume .
A The liquid @ gallons
= e ligui )
=7 volume is: [5pp " cubic feet
 liters

" cubic meters

100 % full by volume

|
Cancel | Help |

5. Initialy, the benzeneisleaking from a hole in the tank, but it is not burning. Choose the L eaking
tank, chemical isnot burning and forms an evaporating puddle option. Click OK. An Areaand
Type of Leak dialog box appears.

Type of Tank Failure

Scenario:
Tank containing an unpressurized flammable liquid.

Type of Tank Failure:
@ Leaking tank, chemical is not burning and forms an evaporating puddie
" Leaking tank, chemical is burning and forms a pool fire

" BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from flammable chemical which is not burning as it leaks
from tank:

- Downwind toxic effects
-Vapor cloud flash fire

- Overpressure [blast force) from vapor cloud explosion

| 0K ! Cancel Help
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6. Thebenzeneisleaking from a6-inch circular hole. Check to be sure that Circular openingis
selected. Type“6” in the opening diameter box and select inches. Choose the Hole option. Click
OK. A Height of the Tank Opening dialog box appears.

Area and Type of Leak

Select the shape that best represents the shape of
the opening through which the pollutant is exiting

 I—
gt

@ Circular opening " Rectangular opening
® inches
6  feet
Opening diameter: l

" centimeters

 meters

Is leak through a hole or short pipepvalve?

# Hole " Short pipepvalve
Cancel Help

7. Theholeis 10 inches above the bottom of the tank. Type “10” in the bottom of the leak box and
select in. Notice that ALOHA fillsin the other values. Click OK. A Puddle Parameters dialog box

appears.

Height of the Tank Opening

lig.level
+| The bottom of the leak is:

i'll] Fin Cff Tem T m

above the bottom of the tank

I oR
< h 5.7 26 of the way to the top of
£ the tank

Cancel I Help I
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8. Theliquid benzeneis flowing onto a
paved areain the industrial park.
Select the Concrete ground type.
Since you have no information about
the ground temperature, select Use air
temperature (select thisif
unknown). Because the product is
flowing onto a paved areq, it is
probably not contained by adike so it
will continue spreading outward until
it reaches aminimum thickness. Under
the “ Input maximum puddle diameter
or ared’ heading, click Unknown.
ALOHA will calculatethe areafor you
based on the release information you
provided (up to a maximum diameter
of 200 meters). Click OK.

Puddle Parameters
Select ground type Help

" Default soil [select this if unknown)
& Concrete

" Sandy dry soil

" Moist sandy soil

© Water

Input ground temperature

Help

# Use air temperature [select this if unknown]
" Ground temperature is ]30 degg ©“F CC

Input maximum puddle diameter or area  Help
& Unknown

- ft

" Maximum diameter

_ - is fayds

" Maximum area  meters

“k Cancel

)

The source strength information that you have entered, and the results of ALOHA’s source strength
calculations, appear in the Text Summary. ALOHA estimates that the release of vapor into the atmosphere
lasts for about 46 minutes, and that the maximum amount of vapor released at any onetimeis 77.2 pounds
per minute (this is the Maximum Average Sustained Release Rate). ALOHA estimates that the puddle

reached a maximum diameter of 21.7 yards.

SOURCE STRENGTH:

Tank Diameter: 4 feet
Tank Uolume: 500 gallons
Tank contains liquid

~

Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Length: 5.32 feet

Internal Temperature: 80° F

Chemical Mass in Tank: 1.82 tons Tank is 180% full

Circular Opening Diameter: 6 inches

Opening is 18 inches from tank bottom

Ground Type: Concrete

Ground Temperature: equal to ambient

Max Puddle Diameter: Unknown

Release Duration: 46 minutes

Max Average Sustained Release Rate: 77.2 pounds/min
(averaged over a minute or more)

Total Amount Released: 3,082 pounds

Note: The chemical escaped as a liquid and formed an evaporating puddle.

The puddle spread to a diameter of 21.7 yards.
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9. Choose Source Srength from the Display menu to see the source strength graph for this scenario.
The graph shows the predicted averaged release rate during the hour after the release begins.

B Source Strength (Evaporation Rate) Q@@
pounds/minute
80 1
60
40 4
20
0 T
1] 10 20 30 40 50
minutes

Whenever you run ALOHA, ask yourself: IsALOHA accurately representing what is actually occurring in
this scenario? In this case, liquid benzene leaks from atank to form a puddie; ALOHA expects that
because the puddle is undiked, it spreads out to cover alarge area and evaporates at a high rate for a
relatively short period of time. What if the puddle were constrained by small depressions in the ground?
The puddle would not spread out as far because the liquid flowing away from the tank would fill up the
depressions in the ground. The puddle would then be smaller in area and deeper. It would evaporate at a
slower rate and it would take longer to completely evaporate.

Because ALOHA assumes that the puddle is on a perfectly flat surface and would spread out until it was
very thin, ALOHA may overestimate the real puddle size and evaporation rate. At areal accident scene,
check for terrain features that would constrain the puddle from spreading; use this information to estimate
the maximum puddie area.
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Checking the Calculation and Display Options Settings

You don’'t know if thetoxic gasisaheavy gas or not, so you’'ll want ALOHA to use information about the
properties of the chemical and the amount of chemical released to choose whether to make Gaussian or
heavy gas dispersion computations. Check to be sure that ALOHA is set to this default.

1. Select Calculation Optionsfrom the SetUp menu. A Calculation Options dialog box appears.
2. Check to besurethat Let ALOHA decide (select thisif unsure) is selected. Click OK.

Calculation Options

Select the Spreading Algorithm for Downwind
Dispersion:

v Let ALOHA decide [select this if unsure)
" Use Gaussian dispersion only

" Use Heavy Gas dispersion only

| OK [,@l Cancel | Help |

3. Select Display Options from the Display menu. A Display Options dialog box appears. Select
English units and ALOHA's computation results will be displayed in those units. (When running
ALOHA, you can choose €either type of units, but for this example English units have been

selected.) Click OK.

Display Options

Select Output Units:
= English units
" Metric units

OK . | Cancel | Help

hih

Choosing LOCs and creating a threat zone plot
1. Choose Threat Zone from the Display menu. A Hazard To Analyze dialog box appears.
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2. Asthe puddle evaporates, a vapor cloud forms. ALOHA can help you model three possible
hazardous scenarios for the flammable vapor cloud: toxic area, flammable area, or blast area. For
this example, you want to display the toxic area on athreat zone plot. Select the Toxic Area of
Vapor Cloud option. Click OK. A Toxic Level of Concern dialog box appears.

Hazard To Analyze

Scenario:
Evaporating puddle of a flammable chemical.
Puddle is NOT on fire.

Choose Hazard to Analyze:

@ Toxic Area of Vapor Cloud

" Flammable Area of Vapor Cloud

" Blast Area of Vapor Cloud Explosion

| OK | Cancel | Help |

g

3. ALOHA uses ERPGs (Emergency Response Planning Guidelines) asthe default LOCsfor benzene,
so you'll keep the default LOCs and check that Show confidence lines only for the longest threat
zone has been selected. Click OK. ALOHA will display athreat zone plot for this release.

Toxic Level of Concern

Select Toxic Level of Concern:
Red Threat Zone
LOC: | ERPG-3: 1000 ppm jl

Orange Threat Zone
Loc: |ERPG-2: 150 ppm j

Yellow Threat Zone

K = ERPG-1: 50 ppm ~|

Show confidence lines:
@ only for longest threat zone
" for each threat zone

| 0K | Cancel Help
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You'll see ALOHA's threat zone plot

CEX

for this scenario, showing three toxic S Tozde Thiest Jore
threat zones. You want to know the Yards
downwind distance to the ERPG-2 200 e
level specified by the Local /f‘"’” \
Emergency Planning Committee. 100 /"
ALOHA estimates that the orange - J
threat zone—the ERPG-2 level—will 5 é = —— e
extend 281 yards downwind (the exact % —
value for thisthreat distanceis ~ j
displayed in the Text Summary). 100 T
Within this zone, ground-level ‘\.\_‘____ /
benzene concentrations might exceed 200 il
the ERPG-2 level. At concentrations e w0 200,  =0g 4R o0l
above the ERPG-2 level, people could yarcs
experience serious health effects or EZ] >= 1000 ppm = ERPG-3
find their ability to escape to be — Bl oo
;rgpaired I‘(]if tr;ey are exposed for E Ccmfidzice Lines

out an hour).
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Check the Text Summary for this release.

& Text Summary

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 4 feet Tank Length: 5.32 feet

Tank Uolume: 500 gallons

Tank contains liquid Internal Temperature: 80° F
Chemical Mass in Tank: 1.82 tons Tank is 100% full

Circular Opening Diameter: 6 inches

Opening is 10 inches from tank bottom

Ground Type: Concrete

Ground Temperature: equal to ambient

Max Puddle Diameter: Unknown

Release Duration: 46 minutes

Max Average Sustained Release Rate: 77.2 pounds/min
(averaged over a minute or more)

Total Amount Released: 3,082 pounds

Note: The chemical escaped as a liquid and formed an evaporating puddle.

The puddle spread to a diameter of 21.7 yards.

THREAT ZONE:
Model Run: Heavy Gas

Red : 82 yards --- (1000 ppm = ERPG-3)
Orange: 281 yards --- (158 ppm = ERPG-2)
Yellow: 564 yards --- (580 ppm = ERPG-1)
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Modeling a second scenario: pool fire

Now that ALOHA has displayed the downwind distance to the ERPG-2 level, you want to assess the
thermal radiation threat if the puddle isignited by alightning strike (or other ignition source) and forms a
pool fire. For this example, you want to assess the threat assuming that the pool fire occurs soon after the
puddie forms. Therefore, you do not need to enter new information for time, atmospheric conditions, or
puddle size.

1

When you run multiple scenarios for the same incident, the plots and Text Summary screen from the
first scenario will change when you enter new information. Before you start running an additional
scenario, either print out the threat zone plot and the Text Summary screen or paste them into a
word processing document. You'll need the original information to compare the scenarios later.

Close the threat zone plot window.

When you set the source for the first scenario, you told ALOHA that the benzene was leaking from
atank, but it was not burning. You need to return to the Type of Tank Failure screen and tell
ALOHA that now the chemical isburning and it has formed apooal fire. Begin by selecting the Tank
source again. In the SetUp menu, point to Sour ce, then select Tank. A Tank Size and Orientation
dialog box appears.

Noticethat all of your original information is aready entered into the dialog box. The dimensions of
the tank have not changed, so you can just click OK to move to the next screen.

Your original information is still correct on the Chemical State and Temperature and the Liquid
Mass or Volume dialog boxes. Click OK on each screen until the Type of Tank Failure dialog box
appears.

Choose the L eaking tank, chemical is burning and formsa pool fire option. Click OK. An Area
and Type of Leak dialog box appears.

Type of Tank Failure

Scenario:
Tank containing an unpressurized flammable liquid.

Type of Tank Failure:
" Leaking tank, chemical is not burning and forms an evaporating puddie
= Leaking tank, chemical is burning and forms a pool fire

" BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from chemical which is burning as it leaks from tank:
- Thermal radiation from pool fire

- BLEVE
(if heat raises the internal tank temperature and causes the tank to fail)

- Downwind toxic effects of fire byproducts
[cannot be modeled by ALOHA)

OK [ | Cancel Help
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7. Your original information is still correct on the Areaand Type of Leak, Height of the Tank Opening,
and Maximum Puddle Size dialog boxes. Click OK on each screen.

The source strength information that you have entered, and the results of ALOHA’s source strength
calculations, appear in the Text Summary. ALOHA estimates that the puddle burns for about two minutes,
and that the Maximum Burn Rate is 1,610 pounds per minute. Notice that ALOHA estimates that the
puddle reached a maximum diameter of 15.0 yards, which is smaller than the 21.7 yards estimated for the

evaporating puddle because the chemical is being consumed in the fire before the puddle can spread to the
larger diameter.

& Text Summary
SITE DATA:
Location: BATON ROUGE, LOUISIANA

Building Air Exchanges Per Hour: 0.58 (unsheltered single storied)
Time: August 20, 2006 2230 hours CDT (user specified)

CHEMICAL DATA:

Chemical Name: BENZENE Molecular Weight: 78.11 g/mol
ERPG-1: 50 ppnm ERPG-2: 150 ppn ERPG-3: 1000 ppm
IDLH: 580 ppm LEL: 12000 ppm UEL: 80000 ppm

Ambient Boiling Point: 176.1° F
Uapor Pressure at Ambient Temperature: 0.13 atm
Ambient Saturation Concentration: 134,835 ppm or 13.5%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 7 miles/hour from SW at 10 meters

Ground Roughness: open country Cloud Cover: 7 tenths
Air Temperature: 89° F Stability Class: D
No Inversion Height Relative Humidity: 75%

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical is burning as it escapes from tank

Tank Diameter: 4 feet Tank Length: 5.32 feet

Tank Uolume: 500 gallons

Tank contains liquid Internal Temperature: 88° F
Chemical Mass in Tank: 1.82 tons Tank is 1088% full

Circular Opening Diameter: 6 inches

Opening is 10 inches from tank bottom

Max Puddle Diameter: Unknown

Max Flame Length: 26 yards Burn Duration: 2 minutes
Max Burn Rate: 1,610 pounds/min

Total Amount Burned: 3,082 pounds

Note: The chemical escaped as a liquid and formed a burning puddle.
The puddle spread to a diameter of 15.0 yards.
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8. Choose Source Strength from the Display menu to see the source strength graph for this scenario.
The graph shows the predicted averaged burn rate.

B Source Strength (Burn Rate) EJ@J@

pounds/minute
2,000 4
1,500 A
1,000 A

500 A

0 -
0 1 2 3
minutes

ALOHA estimates that the pool fire would last just under 2 and a half minutes. (In the Text Summary,
ALOHA listed the burn duration as 2 minutes. ALOHA rounds duration estimates to the nearest whole
minute on the Text Summary screen, but uses the more precise source strength value in its threat
calculations.) Theincrease in burn rate for the first minute and a half is due to the growing puddle size as
the chemical continuesto leak from the tank.

Choosing LOCs and creating a threat zone plot for the pool fire
1. Choose Threat Zone from the

Dispiey e, A Therma

Radlalon Le\/el Of Concel’n Select Thermal Radiation Level of Concern:
d|alog bOX appears Red Threat Zone

5 Youwant to know the thermal Loc: v
radiation threat for the pool fire.
Keep ALOHA's default LOCs Orange Threat Zone
and CI ICk OK . ALOHA WI“ LOC: _.!5.I] kW/[sq m) = 2nd degree burns within 60 sec j
display athreat zone plot for ' :
this release.

Yellow Threat Zone

LOC: IZ.I] kW/[sq m) = pain within 60 sec :J

| 0K { ] Cancel Help
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You'll see ALOHA's threat zone plot for this scenario, showing three nearly circular thermal radiation
threat zones. The red threat zone represents the worst hazard level, and the orange and yellow threat zones
represent areas of decreasing hazard. Unlike the toxic threat, the thermal radiation threat extendsin all
directions simultaneously. But it extends alittle farther in the downwind direction. For example, ALOHA
estimates that the orange threat zone will extend 51 yardsin the downwind direction. Thisthreat distanceis
shown in the Text Summary. The orange threat zone extends only about 40 yardsin the upwind direction.
This difference exists because the wind tilts the flames in the downwind direction—Ileading to a greater
thermal radiation threat in that direction. It isimportant to realize that there may be additional hazards that
are not modeled by ALOHA, including secondary fires and explosions.

W Thermal Radiation Threat Zone g@]@

yards
75
oxY W, \

25 / =30 o
0 o

W
2s T /
100 50 o 50 100 150

yards

75

[::] >= 10.0 kW/(sq m) = potentially lethal within 60 sec
[ ] >= 5.0 kW/ (sq m)
D >= 2.0 kW/(sq m)

2nd degree burns within 60 sec

pain within 60 sec

Check the Text Summary for thisrelease.

& Text Summary g@
SOURCE STRENGTH: ~
Leak from hole in vertical cylindrical tank

Flammable chemical is burning as it escapes from tank

v

Tank Diameter: 4 feet Tank Length: 5.32 feet

Tank Uolume: 500 gallons

Tank contains liquid Internal Temperature: 80° F
Chemical Mass in Tank: 1.82 tons Tank is 100% full

Circular Opening Diameter: 6 inches

Opening is 10 inches from tank bottom

Max Puddle Diameter: Unknown

Max Flame Length: 26 yards Burn Duration: 2 minutes
Max Burn Rate: 1,610 pounds/min

Total Amount Burned: 3,082 pounds

Note: The chemical escaped as a liquid and formed a burning puddle.
The puddle spread to a diameter of 15.0 yards.

THREAT ZONE:
Threat Modeled: Thermal radiation from pool fire

Red : 36 yards --- (10.8 kW/(sq m) = potentially lethal within 60 sec)
Orange: 51 yards --- (5.0 kW/(sq m) = 2nd degree burns within 68 sec)
Yellow: 78 yards --- (2.0 kW/(sq m) = pain within 60 sec) v
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Compare the threat zone plots and the Text Summary screens from both of the scenarios. (Below, the toxic
threat zone plot is shown on the left and the threat distances from the Text Summary screens are
summarized in atable.) The origin (0,0) on both plots represents the center of the puddie. ALOHA
estimates that the red toxic threat zone—the worst hazard |evel—extends primarily in the downwind
direction for about 82 yards. The worst of the thermal radiation threat (the red zone) is predicted to extend
roughly 30 yardsin al directions—and alittle farther in the downwind direction.

Notice therole that the direction of the wind plays in both scenarios. The toxic threat is confined primarily
to the area downwind of the release, and even though the thermal radiation threat occursin all directionsit
too is shifted downwind from the origin.

B Toxic Threat Zone E|@® W Thermal Radiation Threat Zone Q@E
o
LT

yards yards
100
L™ T \

0 é L N =
- | SR
/

M~ T
100 ~_
200 25
100 o 100 200 300 400 500 600 100 50 0 50 100 150
yards yards
D >= 1000 ppm = ERPG-3 D >= 10.0 kW/({=sq m) = potentially lethal within 60 sec
i i >= 150 ppm = ERPG-2Z "5 >= 5.0 kil/(sq m) = 2nd degree burns within 60 sec
D »>= 50 ppm = ERPG-1 D >= 2.0 kW/ (sq m) = pain within 60 sec

Confidence Lines

. Red Orange Yellow
Scenario Threat Modeled Threat Zone Threat Zone Threat Zone
Toxic dispersion | Toxicity 82 yards 281 yards 564 yards
Poal fire Thermal radiation 36 yards 51 yards 78 yards
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Example 2: A Tank Source (Multiple Scenarios)

On June 25, 2006, at 12:30 p.m., atrain derailsin a highly industrialized section of Columbia, South
Carolina. Among the derailed carsis atank car of propanein aU.S. Department of Transportation (DOT)
class 112J400W car with alisted capacity of 33,800 gallons. The tank is approximately 70 feet long and
the tank appearsto be intact. The propane has been liquefied under pressure.

At the time of the accident, the air temperature is 70°F, with the wind from 360° at 10 miles per hour
(measured at a height of 10 meters by the National Weather Service). The sky is completely overcast and
the relative humidity is 67 percent. Thereis no low-level inversion.

The tank needs to be removed from the tracks and the cargo off-loaded. The tank has aready been
subjected to significant stress during the wreck and it is conceivable that it could fail during this effort.
Possible failure scenarios include:

» A sudden catastrophic failure leading to a Boiling Liquid Expanding Vapor Explosion (BLEVE);
* A leak leading to aflash fire or a vapor cloud explosion; or
» A breach leading to a jet of flame from the tank.

In order to plan a safe response and ensure public safety, the potential severity of these threats must be
evaluated. You will use ALOHA to predict the threat zones for each of these potential scenarios. For the
last two scenarios, you will model the rel ease assuming a seam fails on the tank, creating arectangular hole
40 incheslong and 0.1 inch wide.

Choosing alocation and a chemical

1. Start ALOHA. (In Windows, click the Sart button, point to Programs, then choose the ALOHA
item. On a Macintosh, double-click the ALOHA program icon located in the ALOHA Folder.)

2. Readthelist of ALOHA'slimitations (click Help |to see more details), then click OK.

3. Sdect Location from the SiteData menu. A Location Information dialog box appears with alist of
the names of citiesincluded in ALOHA's location library.
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4. Thetrain derailsin Columbia, South Carolina. Type the characters“co” to quickly moveto the
section of the list containing names beginning with “co.” Scroll down alittle farther until you see
COLUMBIA, SOUTH CAROLINA. Click on this name to highlight it, then click Select.

Location Information

CINCINNATI, OHIO A
CLEVELAND, OHIO
CLIFTON, NEW JERSEY

CLOQUET, MINNESOTA Cancel
COLLEGE PARK, MARYLAND
COLORADO SPRINGS, COLORADO A

COLUMBIA, MARYLAND
COLUMBIA, MISSOURI
Modify
COLUMBUS, OHIO
CONCORD, CALIFORNIA
CONCORD, MASSACHUSETTS Delete
CONCORD, NEW HAMPSHIRE
CONROE, TEXAS

CONWAY, NEW HAMPSHIRE v Help

34443

In this example, you will not modify the default building type settings because you will not assess indoor
concentration at specific locations.

5. Sdect Date & Timefrom the SiteData menu. A Date and Time Options dialog box appears.

6. Therelease occurs on June 25, 2006 at 12:30 p.m. Select the Set a constant time option. Enter the
month, day, year, hour and minute for this scenario (press Tab to move from one box to the next).
ALOHA requires you to convert the time of day into 24-hour time (click Help to learn how to
convert time values). Click OK.

Date and Time Options

You can either use the computer's internal clock for the model's date
and time, or set a constant date and time.

" Use internal clock  ~ Set a constant time

Input a constant date and time :

Month Day Year Hour Minute
6 |25 2006 12 30
n-12 [1-31) (1900 -...] [0-23) [0-59)

Cancel | Help
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To choose the chemical that isin the
tank—propane—select Chemical from
the SetUp menu. A Chemical
Information dialog box appears with a
list of the chemicalsin ALOHA's
chemical library.

Select Pure Chemicals at the top of
the window (this should be the default).
Find PROPANE in thelist (quickly
type the characters “pr” to locate
propane more rapidly in the list), click
on this name, then click Select.

Entering weather information

Chemical Information

View: @ Pure Chemicals

" Solutions

PIPERAZINE
PIPERIDINE
PIVALOLACTONE
PROPADIENE

PROPANETHIOL
2-PROPANOLAMINE
N-PROPANOL
PROPARGYL ALCOHOL
BETA-PROPIOLACTONE
PROPIONALDEHYDE
PROPIONIC ACID
PROPIONIC ANHYDRIDE

PROPANE Add

ik

Cancel

Modify

Delete

43

Help

Now that you' ve selected the location, time, and chemical, you must provide information about weather
conditions and ground roughness.

1

In the SetUp menu, point to Atmospheric, then select User Input. The first Atmospheric Options

dialog box appears.

Thewind istravelling from 360° at a
speed of 10 miles per hour. Type 10"
in the wind speed box, then select
mph. Type*“360” inthewind direction
box.

Thewind conditions are measured at a
height of 10 meters. Select the tower
icon in the Measurement Height
section. Noticethat ALOHA hasfilled
in avaue of 10 meters.

The area surrounding the derailed cars
is highly industrialized. Select the
Urban or Forest ground roughness
option.

The sky iscompletely overcast. Under
Select Cloud Cover, choose the
complete cover options. Notice that
ALOHA hasfilled in avalue of 10.
Click OK. The second Atmospheric
Options dialog box appears.

Atmospheric Options

Wind is from : |360

rﬂ‘ 0

Wind Speed is : i'll]  knots ~ mph  metersisec Help |
Enter degrees true or text [e.g. ESE)

Measurement Height above ground is:

OR O entervalue : E'II] o feet

Help |

241Th * meters
Ground Roughness is : Help
" Open Country {_ﬁl h .
& Urban or Forest OR nput Roughness (o) :
" Open Water
Select Cloud Cover : Help |
@ @ Q" OR © entervalue: |10
o (“ (“ (“ (“ (0-10)
complete partly clear
cover cloudy

Cancel
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6. Theair temperatureis 70°F. Type
“70” inthe air temperature box, then
select F.

7. ALOHA usesthewind speed, cloud
cover, and date and time
information that you’ ve entered to
automatically select atmospheric
Stability Class D, representing
conditions of neutral atmospheric
stability.

8. Thereisno low-level inversion.
Check to be sure that No inversion
is selected.

9. Therelative humidity is 67 percent.

Atmospheric Options 2
Air Temperature is : ITU Degrees * F © C Help |

Stability Class is: Help |r“ AL R U

Inversion Height Options are :  Help |
o
" Inversion Present, Heightis : I P ::I::BTS

Help |

D C T Override

® No Inversion

Select Humidity :

ol &4 14

(o r ol C ©  OR & enter value : IB? %
wet medium dry (0-100)
0K Cancel |
L4

Type“67” in the humidity value box. Click OK.

The information that you have entered into ALOHA appears in the Text Summary. Ignore ALOHA's
estimate of building exchange rate, since you are not considering infiltration into buildings.

&8 Text Summary

SITE DATA:

Location: COLUMBIA, SOUTH CAROLINA
Building Air Exchanges Per Hour: 8.52 (unsheltered single storied)
Time: June 25, 20606 1230 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: PROPANE
TEEL-1: 2108 ppm  TEEL-2: 2188 ppm
IDLH: 2168 ppm LEL: 20000 ppm
Ambient Boiling Point: -42.2° C
Uapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,800,800 ppm or 100.8%

Molecular Weight: 44.18 g/mol
TEEL-3: 2160 ppn
UEL: 950880 ppm

ATHMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 10 miles/hour from 3608° true at 10 meters
Ground Roughness: urban or forest Cloud Cover: 10 tenths
Air Temperature: 706° F Stability Class: D
No Inversion Height Relative Humidity: 67%
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Describing the release

Now you're ready to enter information about the release itself—that is, to “ set the source”—for this
release. You'll begin by modeling the BLEVE scenario.

1. The propane might leak from atank car. In the SetUp menu, point to Sour ce, then select Tank. A
Tank Size and Orientation dialog box appears.

2.  Thepropaneisstored in a 33,800-gallon, 70-foot long, horizontal tank car. Select horizontal
cylinder. Type “33800" in the volume box, then select gallons. Type “70” in the length box, then
select feet. Notice that ALOHA automatically calculates the tank diameter. Click OK. A Chemical
State and Temperature dialog box appears.

Tank Size and Orientation

Select tank type and
orientation:

Sphere
Vertical clinder
-~ [j @
0 g C

Enter two of three values:

“ Jength ~ diameter fg_ur
length Em
volume fsssuu] @ gallons " cufeet

Cancel | Help |

« feet " meters

L
|

AL

3. The propaneis stored in the tank as aliquid; the propane was liquefied by pressure, not by
refrigeration. Select the Tank containsliquid option. Check to be sure that Chemical stored at
ambient temperatureis selected. Click OK. A Liquid Mass or Volume dialog box appears.

Chemical State and Temperature

Enter state of the chemical: Help |
@ Tank contains liquid

" Tank contains gas only

" Unknown

Enter the temperature within the tank: Hel
p |
@ Chemical stored at ambient temperature
" Chemical stored at ?I]] degrees (TiHENN G

Cancel I
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4. You are not sure how full the tank is, but you want to make a worst-case estimate, so you will
assume the tank isfilled to capacity (33,800 gallons). Either (1) type “100” in the % full by volume
box, (2) type “33800” in the liquid volume box, then click gallons, or (3) scroll the liquid level bar
to the top of the tank diagram. Notice that ALOHA fillsin the other values. Click OK. A Type of
Tank Failure dialog box appears.

Liguid Mass or Yolume

Enter the mass in the tank OR volume of the liguid
r- a

p

 tons(2,000 Ibs]

The mass in the tank is: [?0.1

 kilograms

OR
Enter liguid level OR volume )
_l The liquid @ gallons
- e ligui )
=7 volume is: E33I3I]I] " cubic feet
 liters

" cubic meters

i‘ 00 % full by volume

|
Cancel | Help |

5. You want to begin by modeling the potential BLEV E scenario. Choose the BLEVE, tank explodes
and chemical burnsin afireball option. Click OK.

Type of Tank Failure

Scenario:
Tank containing a pressurized flammable liquid.

Type of Tank Failure:

" Leaking tank, chemical is not burning as it escapes into the atmosphere
" Leaking tank, chemical is burning as a jet fire

= BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from BLEVE:
- Thermal radiation from fireball and pool fire

-Hazardous fragments and blast force from explosion
[cannot be modeled by ALOHA)

- Downwind toxic effects of fire byproducts
[cannot be modeled by ALOHA)

| 0K { | Cancel Help
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The source strength information that you have entered, and the results of ALOHA’s source strength
calculations, appear in the Text Summary. ALOHA estimates that the BLEVE fireball has a diameter of
about 253 yards and burns for about 14 seconds.

& Text Summary

SITE DATA:

CHEMICAL DATA:

Ho Inversion Height

SOURCE STRENGTH:

Tank contains liquid

Location: COLUMBIA, SOUTH CAROLINA
Building Air Exchanges Per Hour: 8.52 (unsheltered single storied)
Time: June 25, 20606 1230 hours EDT (user specified)

Chemical Hame: PROPANE
TEEL-1: 2100 ppm TEEL-2: 2100 ppm TEEL-3: 2100 ppm
IDLH: 2180 ppnm LEL: 260080 ppm UEL: 95000 ppm
Ambient Boiling Point: -44.0° F

Uapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 10 miles/hour from 360° true at 10 meters
Ground Roughness: urban or forest Cloud Cover: 18 tenths
Air Temperature: 70° F

BLEVE of flammable liquid in horizontal cylindrical tank
Tank Diameter: 9.87 feet
Tank Volume: 338080 gallons

Internal Storage Temperature: 70° F

Chemical Mass in Tank: 708.1 tons Tank is 1080% full
Percentage of Tank Mass in Fireball: 106%
Fireball Diameter: 253 yards Burn Duration: 14 seconds

Molecular Weight: 44.10 g/mol

Stability Class: D
Relative Humidity: 67%

Tank Length: 70 feet

Choosing LOCs and creating a threat zone plot for a BLEVE

1

Choose Threat Zone from the
Display menu. A Thermal
Radiation Level of Concern
dialog box appears.

You want to know the thermal
radiation threat for aBLEVE.
Keep ALOHA's default LOCs
and click OK. ALOHA will
display athreat zone plot for
this release.

Thermal Radiation Level of Concern

Select Thermal Radiation Level of Concern:

Red Threat Zone

(o[l [10.0 KW/[sq m] = potentially lethal within 60 sec -

Orange Threat Zone

LOC: _.I5.I] kW/[sq m) = 2nd degree burns within 60 sec j

Yellow Threat Zone

LOC: |2.I] kW/[sq m) = pain within 60 sec :J

| 0K { I Cancel Help
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You'll see ALOHA's threat zone plot for this scenario, showing three thermal radiation threat zones.
ALOHA estimatesthat the red threat zone—the worst hazard |evel—will extend 560 yardsin al directions
(the threat distance values are displayed in the Text Summary). The orange and yellow threat zones
represent areas of decreasing hazard. Check the plot legend to see the hazard that each zone represents. Itis
important to realize that there may be additional hazards that are not modeled by ALOHA, including
hazardous fragments, overpressure, and secondary fires and explosions.

B Thermal Radiation Threat Zone E]@E]

miles
0.75
0.25
]
0.25
0.75
1 0.5 1] 0.5 1 1.5
miles
10.0 kUW/{sg m) = potentially lethal within 60 sec
5.0 kW/ (g m) = 2nd degree burns within 60 sec
2.0 KW/ (sq m) = pain within 60 sec

Check the Text Summary for this release to see a summary of the scenario and the threat zones.

&8 Text Summary

SOURCE STRENGTH:
BLEVE of flammable liquid in horizontal cylindrical tank
Tank Diameter: 9.07 feet Tank Length: 70 feet
Tank Volume: 33808 gallons
Tank contains liquid
Internal Storage Temperature: 70° F

Chemical Mass in Tank: 70.1 tons Tank is 1006% full
Percentage of Tank Mass in Fireball: 100%
Fireball Diameter: 253 yards Burn Duration: 14 seconds

THREAT ZONE:
Threat Modeled: Thermal radiation from fireball

Red : 560 yards --- (10.8 kW/(sq m) = potentially lethal within 68 sec)
Orange: 798 yards --- (5.8 kW/(sq m) = 2nd degree burns within 68 sec)
Yellow: 1231 yards --- (2.8 kW/(sq m) = pain within 68 sec)
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Modeling a second scenario: flash fire or vapor cloud explosion

Now that ALOHA has displayed the thermal radiation hazard from aBLEVE, you want to assess the threat
if the tank leaks and a flammable vapor cloud formsinstead. If this situation occurs, either aflash fire or a
vapor cloud explosion could occur, depending on the scenario specifics. For both of these scenarios, you
will need to begin by estimating the flammable area of the vapor cloud. You do not need to enter new
information for time, atmospheric conditions, or tank size.

1

When you run multiple scenarios for the same incident, the plots and Text Summary screen from the
first scenario will change when you enter new information. Before you start running an additional
scenario, either print out the threat zone plot and the Text Summary screen or paste them into a
word processing document. You'll need the original information to compare the scenarios later.

Close the threat zone plot window.

When you set the source for the first scenario, you told ALOHA that a BLEVE occurred. You need
to return to the Type of Tank Failure screen and tell ALOHA that now you want to model a scenario
where the chemical is not burning as it escapesinto the atmosphere. Begin by selecting the Tank
source again. In the SetUp menu, point to Sour ce, then select Tank. A Tank Size and Orientation
dialog box appears.

Noticethat all of your original information is aready entered into the dialog box. The dimensions of
the tank have not changed, so you can just click OK to move to the next screen.

Your original information is still correct on the Chemical State and Temperature and the Liquid
Mass or Volume dialog boxes. Click OK on each screen until the Type of Tank Failure dialog box
appears.

Choose the L eaking tank, chemical isnot burning asit escapesinto the atmosphere option.
Click OK. An Areaand Type of Leak dialog box appears.

Type of Tank Failure

Scenario:
Tank containing a pressurized flammable liquid.

Type of Tank Failure:
= Leaking tank, chemical is not burning as it escapes into the atmosphere
" Leaking tank, chemical is burning as a jet fire

" BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from flammable chemical which is not burning as it leaks
from tank:

- Downwind toxic effects
-Vapor cloud flash fire

- Overpressure [blast force) from vapor cloud explosion

OK ! Cancel Help
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The tank appears to be intact. However, you want to model a release assuming a seam fails on the
tank, creating arectangular hole 40 incheslong and 0.1 inch wide. Select Rectangular opening.
Type “40” in the opening length box and select inches. Type “0.1” in the opening width box.
Choose the Hole option. Click OK. A Height of the Tank Opening dialog box appears.

Area and Type of Leak

Select the shape that best represents the shape of
the opening through which the pollutant is exiting

 I—
gt

 Circular opening @ Rectangular opening

® inches

Opening length: idl]  feet

Opening width: EI].1 " centimeters
 meters

Is leak through a hole or short pipepvalve?

# Hole " Short pipepvalve
| OK k. Cancel | Help |

Since you are modeling this scenario in order to plan for a potential release, you don't know where
the hole might occur. However, a hole that occurs at the bottom of the tank will give the worst-case
estimate for this type of scenario because the weight of the remaining propane in the tank will push
the propane through the hole faster. Type “0” in the % of the way to the top of the leak box. Click

OK.
Height of the Tank Opening

+| The bottom of the leak is:

EI] Tin #ft Tem T m

above the bottom of the tank

lig.level

OR

ZII iu] % of the way to the top of

the tank

Cancel I Help I

E
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The source strength information that you have entered, and the results of ALOHA’s source strength
calculations, appear in the Text Summary. ALOHA estimates that the release lasts for about 26 minutes,
and that the Maximum Average Sustained Release Rate is 5,730 pounds per minute.

~

SOURCE STRENGTH:
Leak from hole in horizontal cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 9.07 feet Tank Length: 78 feet

Tank Uolume: 33800 gallons

Tank contains liquid Internal Temperature: 70° F
Chemical Mass in Tank: 78.1 tons Tank is 180% full

Opening Length: 48 inches Opening Width: 0.1 inches

Opening is 0 feet from tank bottom
Release Duration: 26 minutes
Max Average Sustained Release Rate: 5,730 pounds/min
(averaged over a minute or more)
Total Amount Released: 140,200 pounds
Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

Choosing LOCs and creating threat zone plots for a flammable vapor cloud
1. Choose Threat Zone from the Display menu. A Hazard To Analyze dialog box appears.

2. ALOHA can help you model three possible hazardous scenarios for the flammable vapor cloud:
toxic area, flammable area, or blast area. For this example, first you want to display the flammable
area of the vapor cloud on athreat zone plot. The flammable areais the predicted area where the
ground-level vapor (fuel) concentration in air is within the flammable range and can be ignited.
Then, you will use the threat zone plot to determine possible ignition sources and the level of
congestion within the vapor cloud, both of which affect whether avapor cloud explosion is possible.
Select the Flammable Area of Vapor Cloud option. A Flammable Level of Concern dialog box

appears.

Scenario:
Flammable chemical escaping from tank.
Chemical is NOT on fire.

Choose Hazard to Analyze:

" Toxic Area of Vapor Cloud

* Flammable Area of Yapor Cloud

Local areas of flame can occur even though the average concentration is below
the LEL. ALOHA finds the flammable area by using 602 of the LEL.

" Blast Area of Vapor Cloud Explosion

| 0K { | Cancel Help
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3. Keep ALOHA's default LOCs and check that Show confidence lines only for the longest threat
zone has been selected. Click OK. ALOHA will display athreat zone plot for this release.
Select Flammable Level of Concern:

Red Threat Zone

(Koloill (12,000 ppm = 602 LEL = Flame Pockets -

Orange Threat Zone

Loc: |(none) _'_I

Yellow Threat Zone

LOC: |2.000 ppm = 10% LEL -

Show confidence lines:

@ only for longest threat zone
" for each threat zone

[ ok ! Cancel | Help |

You'll see ALOHA'sthreat zone plot for this scenario, showing two flammable threat zones. The red threat
zone represents the estimated flammabl e area where a flash fire or a vapor cloud explosion could occur at
some time after the release begins. ALOHA estimates that the red threat zone will extend 171 yardsin the
downwind direction. The yellow threat zone represents the estimated area where propane concentrations
could exceed 10% LEL, alevel often used by responders.

I Flammable Threat Zone Q@@

yards
250 —T=
f—
/// )
150 \
A [ PE—
(] e
50 g e
7S
0 "
50 \\
Nyl
~
150 ~ j‘
e
H"“-—-_‘//
250
100 0 100 200 300 400 5S00 600 700
yards
D »>= 12,000 ppm = 60% LEL = Flame Pockets
D »>= 2,000 ppm = 10% LEL
Confidence Lines
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Check the Text Summary for thisrelease.

4,

~

THREAT Z20NE:

Model Run: Heavy Gas

Threat Modeled: Flammable Area of Uapor Cloud

Red : 171 yards --- (12,0800 ppm = 60% LEL = Flame Pockets)
Yellow: 489 yards --- (2,000 ppm = 106% LEL)

Either print out the threat zone plot and the Text Summary screen or paste them into aword
processing document. You'll need the information to compare the scenarios | ater.

Now that you know where the estimated flammable portion of the cloud is, you can identify possible
ignition sources and the level of congestion within that areato model a vapor cloud explosion. The portion
of the cloud that might participate in a vapor cloud explosion—the red zone on the threat zone plot—is
expected to travel through a slightly congested area where there are many likely ignition sources (e.g.,
mechanical sparks).

5.

Choose Threat Zone from the
Display menu. The Hazard To
Analyze dialog box appears again.
Thistime, choose Blast Area of
Vapor Cloud Explosion. Click OK.
A Vapor Cloud Explosion Parameters
dialog box appears.

You do not know the ignition time, so
select unknown (show composite
threat zonefrom all possible
ignition times). Because the
flammabl e area of the vapor cloud is
inan industrial area, you determine
that the vapor cloud could be
ignited—if it ignites—by a
mechanical spark. Select ignited by
spark or flame.

Vapor Cloud Explosion Parameters

Time of vapor cloud ignition:

" known, ignition time is @

& unknown [show composite threat zone from all possible ignition times)

Help I

-~

Type of vapor cloud ignition: Hel
p I
@ ignited by spark or flame
" ignited by detonation
Level of congestion :
[in the flammable part of the vapor cloud) &I

" congested, difficult to walk through [e.g. pipe rack, dense forest]
@ uncongested, easy to walk through [e.g. residential neighborhood]

Cancel I

The flammable areais slightly congested. However, slightly congested doesn’t seem to fit into
either of ALOHA's congestion categories. After reading the on-screen help, you are fairly sure that
you should choose the uncongested option because it describes the majority of the cloud. However,
you also redlize that congestion level can affect the severity of a vapor cloud explosion, so you
decide to model the explosion twice—once with each congestion option—so that you can compare
the potential explosions. Begin by selecting the uncongested option, because you feel it is the most
accurate guess. Click OK. An Overpressure Level of Concern dialog box appears.
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8. You want to know the overpressure threat for the vapor cloud explosion. Keep ALOHA's default
L OCs and check that Show confidence lines only for the longest threat zone has been selected.
Click OK. ALOHA will display athreat zone plot for this release.

Overpressure Level of Concern

Select Overpressure Level of Concern:

Red Threat Zone

LOC: IB.I] psi = destruction of buildings jl

Orange Threat Zone

LOC: |3.5 psi = serious injury likely Ll

Yellow Threat Zone

LOC: |1.0 psi = shatters glass Ll

Show confidence lines:

only for longest threat zone
" for each threat zone

| OK l\l Cancel | Help |
')

ALOHA's threat zone window appears. None of the LOCs were exceeded for the given scenario so
ALOHA does not create athreat zone plot. A vapor cloud explosion generating a dangerous overpressure
isnot likely to occur with the settings you chose for this scenario. (The cloud could still burn asaflash fire,
but it would not generate a dangerous blast wave.) In fact, there are only afew chemicalsin ALOHA's
chemical library that have ahigh enough fuel reactivity to result in avapor cloud explosion when the cloud
isignited by a spark or flame in an uncongested area: Acetylene; Chlorine monoxide; Ethylacetylene;
Ethylene oxide; Hydrogen; 1,2 Propylene oxide; and 1,3 Propylene oxide. A vapor cloud explosionis more
likely to occur if the areais congested or if the cloud was ignited by a detonation (e.g., by a high-power
explosive device). Now you will model the explosion for a congested area.

B Overpressure (Blast Force) Threat Zone g@]@

Threat Modeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by spark or flame

Level of Congestion: uncongested

Model Run: Heavy Gas

Red : LOC was never exceeded --- (8.0 psi = destruction of buildings)
Orange: LOC was never exceeded --- (3.5 psi = serious injury likely)
Yellow: LOC was never exceeded --- (1.0 psi = breaking glass)

9. Either print out the Text Summary screen or paste it into aword processing document. You'll need
the information to compare the scenarios | ater.
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10.
11.

12.

13.

Choose Threat Zone from the Display menu. The Hazard To Analyze dialog box appears again.

Blast Area of Vapor Cloud Explosion is already selected, so click OK. The Vapor Cloud
Explosion Parameters dialog box appears again.

Keep you previous settings for ignition time and ingestion type, but choose congested as the
congestion level. Click OK. The Overpressure Level of Concern dialog box appears again.

Keep ALOHA's default LOCs and check that Show confidence lines only for the longest threat
zone has been selected. Click OK. ALOHA will display athreat zone plot for thisrelease.

ALOHA'sthreat zone window appears. ALOHA has plotted the orange and yellow threat zones. A review
of the Text Summary reveas that the red threat zone was not plotted because the LOC was never exceeded
and that the orange threat zone is predicted to extend 129 yards in the downwind direction. Note that
because you chose the unknown time option, ALOHA ran explosion scenarios for arange of ignition times
encompassing all of the possible ignition times for your scenario. Therefore, these threat zones do not
represent the blast area from a single explosion, but rather the composite of potential blast areas for al of
the different ignition time scenarios that ALOHA ran.

B Overpressure (Blast Force) Threat Zone Q@E

yards
200
— e
//,—f“‘—- g
100 «
/,
/ i
. f
100 | ;f
N
a“““-——-—"_,/
200
100 0 100 200 300 400 500
yards
D »>= 8.0 psi = destruction of buildings
7] >= 3.5 psi = serious injury likely
D »>= 1.0 psi = shatters glass
= Confidence Lines

~

THREAT Z0NE:
Threat Modeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by spark or flame
Level of Congestion: congested
Model Run: Heavy Gas

Red : LOC was never exceeded ——- (8.0 psi = destruction of buildings)
Orange: 129 yards --- (3.5 psi = serious injury likely)
Yellow: 221 yards --- (1.8 psi = shatters glass)
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Compare the flammabl e vapor cloud threat zone plots. (Below, the flammable area threat zone plot is
shown on the left and the congested vapor cloud explosion threat zone plot is on the right; threat distances
from the Text Summary screens for all of the flammable vapor cloud scenarios are summarized in atable.)

I Flammable Threat Zone g@@ W Overpressure (Blast Force) Threat Zone g@@

yards yards
250 —t 200
— —_—
— \ At
150 = / \\
=
o Ll 100 X
50 /_,/‘* f \
0 o 0 !
\
TTSE \
— 100 [
160 ] f 7
-~ / ‘"\.“‘“———-—'/
~ o SR
- L
250 Zoo
100 o 100 Zoo 200 400 Soo e00 700 100 o 100 200 300 400 S00
yards yards
D *= 8.0 psi = destruction of buildings
D == 12,000 ppm = 60% LEL = Flame Pockets ] *= 3.5 psi = serious injury likely
D »= 2,000 ppm = 10% LEL D »>= 1.0 psi = shatters glass
Confidence Lines = Confidence Lines

The flammable areared threat zone is estimated to extend 171 yards downwind. Thisis the areawhere
ALOHA predicts aflash fire or avapor cloud explosion could occur at some point after the release
begins—depending on the release conditions, congestion level, and availability of ignition sources. When
you modeled the uncongested vapor cloud explosion, you found that a vapor cloud explosion generating a
dangerous overpressure is not likely to occur and ALOHA does not display athreat zone plot. You also
modeled a congested vapor cloud explosion, even though you felt the conditions were better described by
the uncongested explosion. The congested vapor cloud explosion islikely to overestimate the overpressure
hazard for your scenario, because it does not describe the congestion level in the majority of the cloud. The
red threat zone for this explosion was not displayed because the chosen LOC was never exceeded.

Since uncongested is the most accurate congestion level for this scenario, you decide that a vapor cloud
explosionis not likely to occur. However, aflash fire could occur (regardless of the congestion level), so it
isimportant to consider the availability of ignition sources within the flammable area of the vapor cloud.

. Red Orange Yellow
Scenario Threat Modeled Threat Zone | Threat Zone | Threat Zone
Flammable area Thermal radiation, 171 yards NoLOC 489 yards
if aflash fire occurs selected

Vapor cloud explosion | Overpressure LOC never LOC never LOC never
(uncongested) exceeded exceeded exceeded
Vapor cloud explosion | Overpressure LOC never 129 yards 221 yards
(congested) exceeded
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Modeling a third scenario: jet fire

Now that you have considered the flammable area and the overpressure hazard from a vapor cloud
explosion, you want to assess the thermal radiation threat if the tank leaks and the escaping propane is

quickly ignited, so that ajet fire occursi

nstead. Therefore, you do not need to enter new information for

time, atmospheric conditions, or tank size.

1. Either print out the threat zone plot and the Text Summary screen from the last scenario or paste
them into aword processing document. You' Il need the information to compare the scenarios later.
Close the threat zone plot window.

When you set the source for the second scenario, you told ALOHA that the tank was leaking, but
the chemical was not on fire. You need to return to the Type of Tank Failure screen and tell ALOHA
that now you want to model a scenario where the chemical isburning asit escapesinto the
atmosphere. Begin by selecting the Tank source again. In the SetUp menu, point to Sour ce, then
select Tank. A Tank Size and Orientation dialog box appears.

4. Your origind information is sill
correct on the Tank Size and e
Orientation, Chemical State and Tank ing a pressurized flammable liquid.

Temperature and the Liquid Mass or Type of Tank Failure:

Volume dlalog boxes. Click OK on " Leaking tank, chemical is not burning as it pes into the atmosphere
ea:h screen Until the Type Of Tank @ Leaking tank, chemical is burning as a jet fire

Fai I ure dlalog bOX appears " BLEVE, tank explodes and chemical burns in a fireball

3. Ch00$ the L eaklng tank’ . Potential hazards from chemical which is burning as it leaks from tank:
Chernlca] IS bur ni ng as aJ et flre - Thermal radiation from jet fire
option. Click OK. An Areaand [

Type of Leak dial 0og box appears. [if heat causes the tank to fail)

6. Your origina information is still -E:mm'b: toedc ot = x{gﬁ d
correct on the Area and Type of
Leak diaog box. Click OK on each
screen. A Height of the Tank oK h | Cancel | Help |
Opening dialog box appears.

7. ALOHA modelsjet fires assuming the opening is on the top of the tank. Type “100” in the % of the

way to the top of the leak box. Click OK.

The source strength information
that you have entered, and the
results of ALOHA's source
strength calculations, appear in the
Text Summary. ALOHA limited
the jet fire to one hour, and
estimated that the Maximum Burn
Rate is 5,730 pounds per minute.

S0

URCE STREHGTH:

Leak from hole in horizontal cylindrical tank

Flammable chemical is burning as it escapes from tank

Tank Diameter: 9.07 feet Tank Length: 70 feet
Tank Uolume: 33800 gallons

Tank contains liquid

Chemical Mass in Tank: 78.1 tons
Opening Length: 40 inches

Opening is 9.87 feet from tank bottom
Max Flame Length: 36 yards

Burn Duration: ALOHA limited the duration to 1 hour

Max Burn Rate: 5,730 pounds/min

Total Amount Burned: 128,910 pounds

Hote: The chemical escaped from the tank and burned as a jet fire.

Internal Temperature: 70 F
Tank is 100% full
Opening Width: 8.1 inches
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Choosing LOCs and creating a threat zone plot for ajet fire

1. Choose Threat Zone from the Display menu. A Thermal Radiation Level of Concern dialog box
appears.

2. You want to know the thermal radiation threat for the jet fire. Keep ALOHA's default LOCs and
click OK. ALOHA will display athreat zone plot for this release.

You'll see ALOHA's threat zone plot for this scenario, showing three thermal radiation threat zones.
ALOHA estimates that the red threat zone—the worst hazard level—will extend about 50 yardsin all
directions (and alittle farther in the downwind direction). The orange and yellow threat zones represent
areas of decreasing hazard. It isimportant to realize that there may be additional hazards that are not
modeled by ALOHA, including secondary fires and explosions.

B Thermal Radiation Threat Zone g@]@

yards
150

1
o\

N

: \-\\x \
j

-

L

150

200 100 1] 100 200 300
yards

E::] >= 10.0 kW/({sq m) = potentially lethal within 60 sec

[ ] >= 5.0 kw/(sq m)

E::] >= 2.0 kW/ {sq m)

2nd degree burns within 60 sec

pain within 60 sec

Check the Text Summary for thisrelease.

&8 Text Summary

THREAT Z0NE:
Threat Modeled: Thermal radiation from jet fire

Red : 58 yards --- (10.8 kW/(sq m) = potentially lethal within 68 sec)
Orange: 83 yards ——- (5.8 kW/(sq m) = 2nd degree burns within 60 sec)
Yellow: 129 yards --- (2.0 kW/(sq m) = pain within 60 sec)
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You have already compared the plots for the flammable area and the vapor cloud explosion, so now you
want to compare the thermal radiation threat zone plots and the Text Summary screens from the BLEVE
and jet fire scenarios (Below, the BLEV E threat zone plot is shown on the left and the threat distances from
the Text Summary screens for all of the scenarios are summarized in atable.) The BLEVE red threat
zone—the worst hazard level—is estimated to extend 560 yardsin all directions. The jet fire red zoneis
only predicted to extend about 50 yards in all directions. However, the BLEVE will last about 14 seconds,
whereasthe jet fireis predicted to last over an hour. When considering thermal radiation hazardsit is
important to consider both the thermal radiation level and the length of time over which someone might be
exposed to that level.

W Thermal Radiation Threat Zone g@@ W Thermal Radiation Threat Zone g@@

miles yards
150

0.75
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0.25 \ \\. / } 50 \
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yards

D »>= 10.0 kW/(sq m) = potentially lethal within 60 sec
»>= 5.0 kW/(sq m) = 2nd degree burns within 60 sec

D »>= 2.0 kW/(sq m) = pain within 60 sec

1 0.5 o 0.5 1 1.5 200

miles

D »>= 10.0 kW/(sq m) = potentially lethal within 60 sec
>= 5.0 kW/(sq m)
D »= 2.0 kW/(3q m)

= 2nd degree burns within 60 sec
= pain within 60 sec

. Red Orange Yellow
Scenario Threat Modeled Threat Zone | Threat Zone | Threat Zone
BLEVE Thermal radiation 560 yards 790 yards 1231 yards
Flammable area Thermal radiation, 171 yards NoLOC 489 yards
if aflash fire occurs selected

Vapor cloud explosion | Overpressure LOC never LOC never LOC never
(uncongested) exceeded exceeded exceeded
Vapor cloud explosion | Overpressure LOC never 129 yards 221 yards
(congested) exceeded

Jet fire Thermal radiation 58 yards 83 yards 129 yards
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Example 3: A Direct Source and a MARPLOT Map

At 3 p.m. on June 4, 2006, atrain traveling on the Southern Railway near Manassas, Virginia, collideswith
astalled truck at Lee Highway. Three 150-pound chlorine cylinders that were in the truck bed are damaged
during the collision and simultaneoudly release their contents. At the time of the release, winds are out of
the east at about 6 miles per hour, measured at a height of 3 meters. One-third of the sky is covered by
clouds, the humidity is about 80% and the air temperature is 72° F. There is no low-level inversion.

Theland between the accident site and the intersection of Gallerher Road with Lee Highway isflat with no
obstructions. Two workmen repairing potholes at this intersection are overcome by fumes and treated at a
local hospital for chlorine gas inhalation. To what approximate concentration of chlorine might the
workmen have been exposed? You' Il evaluate this scenario first by using ALOHA to obtain a source
strength estimate and a threat zone plot, and then by displaying the threat zones on aMARPLOT map in
order to obtain a concentration estimate for the location where the workmen were injured.

Choosing alocation and a chemical

1. Start ALOHA, or, if ALOHA isalready running, select New from the File menu to begin a new
scenario (you will be asked whether you wish to save afile of your previous work).

Read the list of ALOHA's limitations (click Help |to see more details), then click OK.

Select L ocation from the SiteData menu. A Location Information dialog box appears with alist of
the names of citiesincluded in ALOHA's location library.

4. Manassas, Virginiaisnot alocation in ALOHA's library, so you'll need to add it. Click Add. A
Location Input dialog box appears.

5. Manassas, Virginiaisacity inthe
United States, located at 38° 50' N and

77° 30" W, and with an elevation of 200

feet. Type “MANASSAS’ in the E“L"’”:_" "’_°°‘"f:|:::‘s°;ns

location name box. Select the In U.S. !

Option. Type “200” in the ele\/atlon box IsJDcalinn ina U'.qS. stat.e or territory ? SElact atate Br eTitOT)
and select ft. Type “38” in the latitude SRS #LLLIEY S—

degree box and “50” in the latitude Enter approximate elevation

minute box. Select N. Type“77” in the Elevationis [200 € ft Cm

longitude degree box and “30” in the Enter approximate location

longitude minute box. Select W. Scroll deg.  min. WAKE ISLAND

through the list of states and territories Lattude [38 [0 @ N C s [ERCHEEEN 3
until you see Virginia. (You can also Longiude [77  [30 CE & W

click anywherewithin thelist, then type Cancel | Help

“v” to quickly move to that letter’'s
location in the list). Click on Virginia.
Click OK. ALOHA'sist of locations
will reappear.
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6. Click on MANASSAS, VIRGINIA to highlight it, then click Select.

Location Information

LOS GATOS, CALIFORNIA ~ Select
LOUISVILLE, COLORADO
LOUISVILLE, KENTUCKY
LOVELAND, COLORADO Cancel
MACON, GEORGIA

MADISON, WISCONSIN

MADISONVILLE, KENTUCKY
[MANASSAS, VIRGINIA
MANCHESTER, IOWA Modify
MANCHESTER, NEW HAMPSHIRE

MANHATTAN, KANSAS
MANSFIELD, MASSACHUSETTS Delete
MANSFIELD, OHIO
MARIETTA, GEORGIA
MARQUETTE, MICHIGAN v Help

410

In this example, you will not modify the default building type settings because you are only interested in
outdoor concentrations.

7. Select Date & Timefrom the SiteData menu. A Date and Time Options dialog box appears.

8. Therelease occurson June4, 2006 at 3 p.m. (1500 in 24-hour time). Select the Set a constant time
option. Enter the month, day, year, hour and minute for this scenario (press Tab to move from one
box to the next). Click OK.

Date and Time Options

You can either use the computer's internal clock for the model's date
and time, or set a constant date and time.

" Use internal clock  ~ Set a constant time

Input a constant date and time :

Month Day Year Hour Minute
6 |a 2006 15 00
n-12 [1-31) (1900 -...] [0-23) [0-59)

Cancel | Help
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9. To choose the chemical that isbeing
released—chlorine—select Chemical
from the SetUp menu. A Chemical
Information dialog box appears with a
list of the chemicalsin ALOHA's
chemical library.

Check to be sure that Pure Chemicalsis
selected at the top of the window (this
should be the default). Find CHLORINE
in the list (quickly type the characters
“ch” to locate chlorine more rapidly in
the list), click on this name, then click
Select.

10.

Entering weather information

Chemical Information

View: @ Pure Chemicals

" Solutions

CARENE A
CHLORAMINE

CHLORINE DIOXIDE

CHLORINE PENTAFLUORIDE

Cancel

g

Add
CHLORINE TRIFLUORIDE

CHLOROACETONE

CHLOROACETONITRILE

CHLOROACETYL CHLORIDE
2-CHLOROACRYLONITRILE

CHLOROANILINE

CHLOROBENZENE
M-CHLOROBENZOTRIFLUORIDE i

Modify

Delete

Help

43

Now that you’ ve selected the location, time, and chemical, you must provide information about weather

conditions and ground roughness.

1. Inthe SetUp menu, point to Atmospheric, then select User Input. The first Atmospheric Options

dialog box appears.

2. Thewindistravelling fromtheeast a a
speed of 6 miles per hour. Type“6” in
the wind speed box, then select mph.
Type“E” in the wind direction box.

3. Thewind conditions were measured at
aheight of 3 meters. Type“3” inthe
measurement height value box, and
select meters.

4. The area between the accident site and
the injured workmen is flat and free of
obstacles, so select the Open Country
ground roughness option.

5.  Thesky isone-third covered. Under
Select Cloud Cover, choose the fourth
option from the left (the option between
the partly cloudy and clear options).
Notice that ALOHA hasfilledina
value of 3. Click OK. The second
Atmospheric Options dialog box

appears.

Atmospheric Options

Wind Speedis: |6  knots ~ mph  metersisec Help |
: [E Enter degrees true or text [e.g. ESE)

Measurement Height above ground is:  Help |

Wind is from

~ feet
* meters

= L OR O entervalue : [3
Ground Roughness is :

Help I
@ Open Country

© Urban or Forest OR " Input Roughness [Zo) :

" Open Water
Select Cloud Cover : Help |
@ @ Q" OR © enter value : [3]
r r r o r [0-10)
complete partly clear
cover cloudy

Cancel
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6. Theair temperatureis 72°F. Type

72 inthe ar temperature box,

then select F. Air Temperature is : ITE Degrees * F  C Help |
7. ALOHA usesthewind Speaj’ Stability Classis: Help |c 2 cB&C c D © C Override |
CI OUd Coyer, and date and tl me Inversion Height Options are :  Help |
Informa‘_:lon that yOU’ ve entered to & No Inversion  Inversion Present, Height is : l 2 ::::EIS
automatically select atmospheric —
Stability Class C. = :% e, ke |
8. Thereisno low-leve inversion. R - h a
X i F r ( ( ©  OR & enter value : 80| %
Check to be sure that No inversion wet T dry [0-100)
is selected.
OK Cancel I
9. Therelative humidity is about 80 L

percent. Type “80" in the humidity
value box. Click OK.

The information that you have entered into ALOHA appears in the Text Summary. Review the Text
Summary to be sure you have entered all of the data correctly.

~

SITE DATA:
Location: MANASSAS, VIRGINIA
Building Air Exchanges Per Hour: 8.58 (unsheltered single storied)
Time: June 4, 2006 1500 hours EDT (user specified)

CHEMICAL DATA:

Chemical Mame: CHLORIHNE Molecular Weight: 70.91 g/mol
AEGL-1(68 min): 6.5 ppm AEGL-2(68 min): 2 ppm AEGL-3(60 min): 20 ppm
IDLH: 18 ppm

Ambient Boiling Point: -29.5° F
Uapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.60%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 6 miles/hour from E at 3 meters

Ground Roughness: open country Cloud Cover: 3 tenths
Air Temperature: 72° F Stability Class: C
Ho Inversion Height Relative Humidity: 86%

Describing the release

Now you're ready to enter information about the release itself—that is, to “ set the source”—for this
release. Thisisarelease from three cylindrical tanks, but you don’'t have al the information that you would
need to model the release with ALOHA's Tank source option. You can model this release as a Direct
source, however.

1. Inthe SetUp menu, point to Source, then select Direct. A Direct Source dialog box appears.
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2. Three 150-pound chlorine cylinders that were in the truck bed are damaged during the collision and
simultaneously release their contents. Select pounds as your units of source strength. Thisisan
instantaneous release, so select | nstantaneous sour ce. Because the chlorine is released
simultaneously, you can model the release from all three tanks as a single release. Type “450” into
the amount box. The truck bed isroughly at ground level, so type“0” in the source height box. Click

OK.

Select source strength units of mass or volume: Help
" grams " kilograms * pounds " tons(2,000 Ibs)
" cubic meters ¢ liters " cubic feet " gallons

Select an instantaneous or continuous source: Help
& Instantaneous source " Continuous source

Enter the amount of pollutant ENTERING THE ATMOSPHERE:  Help

450| pounds

Enter source height [7 ~ feet Help
1}

(0 if ground source]: C meters

Cancel

3. ALOHA will aert you that the chemical may flash-boil and/or escape as a two-phase flow.

j.) Note !

This chemical may flash boil and/or result in
two phase flow.

Help |

Click Help to view background information about flash-boiling and two-phase flow. ALOHA
recognizes that because the boiling point of chlorineiswell below air temperature, the chlorine may
have been stored as aliquefied gas. If so, it may flash-boil when released through a hole in a tank.
During flash-boiling, much of the stored liquid would turn instantly to vapor, so that a mixture of
liquid droplets and vapor (a*two-phase flow”) would be released to the atmosphere. ALOHA's
Tank source release calculations account for these processes, but the Direct source option does not.
Since you don’t have the necessary information to run the Tank option, you'll use the Direct source
calculations as the best approximation that you can make, recognizing that ALOHA will treat this
release as a steady flow of gas from the tank instead of a time-dependent rel ease (a release where
rate varies over time). Click OK.
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The source strength information that you have entered into ALOHA and the results of ALOHA's
computations appear in the Text Summary.

&8 Text Summary

SOURCE STRENGTH:
Direct Source: 450 pounds Source Height: @
Release Duration: 1 minute
Release Rate: 7.5 pounds/sec
Total Amount Released: 458 pounds
Note: This chemical may flash boil and/or result in two phase flow.

Choosing LOCs and creating a threat zone plot
Now that you' ve entered all of the release information, you can display the results of ALOHA's threat zone
calculations.

1. Choose Threat Zone from the Display menu. A Toxic Level of Concern dialog box appears.

2. ALOHA uses 60-minute AEGL s (Acute Exposure Guideline Levels) as the default Levels of
Concern (LOCs) for chlorine. Keep the default LOCs and check that Show confidence lines only
for thelongest threat zone has been selected. Click OK. ALOHA will display athreat zone plot
for this chlorine release.

Toxic Level of Concern

Select Toxic Level of Concern:

Red Threat Zone

LOC: AEGL—3[BI] min): 20 ppm le

Orange Threat Zone
LOC: |AEGL-2(60 min): 2 ppm -

Yellow Threat Zone

LOC: |AEGL-1(60 min): 0.5 ppm  ~|

Show confidence lines:

@ only for longest threat zone
" for each threat zone

| 0K ; | Cancel Help
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M Toxic Threat Zone E|E|®
wiles
1.5
——
iy \
/
//
0.5
|
e -
% )
0.5
e —_
— ‘I{
.
A
1.5
o 1 2 3 4 5
miles
D »= 20 ppm = AEGL-3 (60 min)
{: »= 2 ppm = AREGL-Z (60 min)
D >= 0.5 ppm = AEGL-1(60 min)
— Confidence Lines

Check the Text Summary to see the lengths of the three threat zones. For example, ALOHA expectsthe red
threat zone, which exceeds the AEGL-3 (20 ppm) value, to extend at least 1,484 yards downwind.

& Text Summary

SITE DATA: A
Location: MANASSAS, VIRGINIA
Building Air Exchanges Per Hour: 8.58 (unsheltered single storied)
Time: June 4, 20066 1500 hours EDT (user specified)

CHEMICAL DATA:
Chemical Mame: CHLORIHNE Molecular Weight: 70.91 g/mol
AEGL-1(68 min): 6.5 ppm AEGL-2(68 min): 2 ppm AEGL-3(60 min): 20 ppm
IDLH: 18 ppm
Ambient Boiling Point: -29.5° F
Uapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.60%

ATHOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 6 miles/hour from E at 3 meters

Ground Roughness: open country Cloud Cover: 3 tenths
Air Temperature: 72° F Stability Class: C
Ho Inversion Height Relative Humidity: 86%

SOURCE STRENGTH:
Direct Source: 450 pounds Source Height: @
Release Duration: 1 minute
Release Rate: 7.5 pounds/sec
Total Amount Released: 450 pounds
Note: This chemical may flash boil and/or result in two phase flow.

THREAT 20NE:
Hodel Run: Heavy Gas

Red : 1484 yards --- (20 ppm = AEGL-3(60 min))
Orange: 1.9 miles --- (2 ppm = AEGL-2(60 min))
Yellow: 3.1 miles --- (0.5 ppm = AEGL-1(60 min))
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Using MARPLOT
Now you are ready to plot ALOHA’s threat zone estimates on amap of the areain MARPLOT, and to

obtain a concentration estimate for the workmen's location.
Select Go to Map from the MARPL OT submenu under ALOHA's Sharing menu to start

MARPLOT.

1

About Shared Menus...
Edit Shared Menus...

MARPLOT 2 Help...
[ Gotoion 6|

2. If thisisthefirst time you' ve used MARPLOT, the Prince William County, VA map should
automatically be displayed. If it is not, then select Go to View from MARPLOT’s View menu. A

Go to View dialog box appears.
Click to highlight <entire map> Prince William County, VA, then click Go to View.

Find: | Find Next include shared views

<entire map>, Prince Wiliam County, VA -
@« sort by name
" sort by map

=

Map List
Cancel |
Help... |

I~ resize map window to fit view
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The Prince William County, VA map will then be displayed.

- MARPLOT - Prince William County, VA 9((=0(c3]
File Edt View Llist Objects Sharing Help
v Focus Pt: 38°55‘04"N 77°53’'35"W [+ 1 in = 4.76 mi |+

=

=
A

4.  Now you'll search on the map for the location where the accident occurred. Choose Sear ch from
the List menu. A Search Criteria dialog box appears.
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5.  Theworkmen are working at the intersection of Gallerher Road with Lee Highway. To search for
Gallerher Road, type “GALL” inthe box next to the search “with namesthat start with...” box.
Make surethat Individual L ayer has been selected in the menu just below the “ Layer(s) to search:”
heading, then select Roads from the pulldown menu below that. Check to be sure that Mapsin
View is selected in the menu below the “Map(s) to search:” heading. Click Search. A Search
Collection dialog box appears.

Search for objects:

Iwith names that start with...

Layer(s] to search:

~ IGALu

Map(s] to search:

IIndividuaI Layer...

_'J iMaps in View

IRuads

E|

Ireplal:e previous collection :_I

| Search I
S

Cancel | Help... |

6. The search collection includes three roads. Click once on Gallerher Rd to highlight it, then click
Inter sections. An Intersections dialog box appears.

Search Collection

Number of objects in collection: 3

Object Name Layer Place/Map
Gainesville COP
A Galley Ct FRoads Lake Ridge COP
~ GallopLn Roads Prince Wiliam County, VA

[~ make all other objects on these layers invisible

Save Collection... | Int:rsecﬁnlm[kl Show All on Map |
Load Collection... | Addresses I Show on Map & Zoom | Help... I
| Show on Map ] Close I
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7.

There are five intersections along Gallerher Road. Click to highlight L ee Hwy in thelist, then click
Show on Map & Zoom.

Intersections

Intersections for object: Gallerher Rd
on layer: Roads
of map: Prince William County, VA

[™ Intersect with all layers

Number of intersections found: 5

Object Name Layer Place/Map
Gainesville Village Sq Roads Gainesville COP
John Marshall Hew Roads (Major] Gainesville COP
Ganesville COP. ...
Linton Hall Rd Roads Ganesville COP
untitied Roads Gainesville COP

| Show on Map | Show on Map & Zoom Q| Cancel | Help... |

A map similar to the one below appears. Lee Hwy crosses the map as a straight line from the lower |eft to
the upper right of the map. The Southern Railroad crosses the map horizontally, and intersects with Lee
Hwy near the right side of the map. (Your map may look different than this one, depending on the display

settings you have choosen.)

. MARPLOT - Prince William County, VA

File Edt View Llist Objects Sharing Help

v Focus Pt: 38°47/43"N 77°36’29"W [+ 1 in = 0.04 mi |+

Location of
workmen

Location of
release

>R

86



Chapter 4: Examples

8. Inthisexample, the chlorineisreleased at the point where the Southern Railway line crosses Lee
Highway. To indicate this location, choose the arrow tool E from MARPLOT'stool palette, then
click once at thisintersection. MARPLOT will place avisible crosshair mark, or “click point” at
this location.

9. InMARPLOT's Sharing menu, select the ALOHA submenu, then click Set Source Point.
ALOHA's threat zone estimates will automatically be drawn on the map.

About Sharing...

Help...
CAMEOFm B :
Set Source Point k
Set Threat Point
Delete ALOHA Objects

Go ko ALOHA

- MARPLOT - Prince William County, VA

File Edit View List Objects Sharing Help
¥ Focus Pt: 38°4745"N 77°36’32"W v 1 in = 0.04 ni | v

N

Note: The colors of the threat zones may differ in older versionsof MARPLOT.
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10. Now you want to estimate the concentration level where the workers were exposed (at the
intersection of Gallerher Road and Lee Highway). Find the intersection (thisisjust outside of the
red threat zone). Select the arrow tool in the tool palette, then click on this location.

11. InMARPLOT’s Sharing menu, select the ALOHA submenu, then click Set Threat Point. The
ALOHA window will come to the front and it will display a Concentration at Point graph for this
location (thresat at point). Review the graph and the Text Summary. ALOHA estimated that the
workmen were exposed to an outdoor concentration above the AEGL-2 level for roughly three
minutes. Note: Your graph may differ dightly from the one below if you click on a slightly
different point on the map when setting your threat point.

I Concentration at Point E|E|E]

Ppm
20 AEGL-3 (60 min)

15 1

10 4 |

Al

(\ -AEGL-2 (60 min)
JAEGL-1 (60 min)

0 20 40 60

minutes
—— Outdoor Concentration
------ Indoor Concentration
At Point: West: 329 yards South: 122 yards

Don't be concerned if the numbers that you see on your screen differ dightly from those shown in the Text
Summary. ALOHA’s estimates are affected by exactly where on the map you click. The purpose of running
this scenario in ALOHA and MARPLOT was to get an estimate of the concentration of chlorine to which
the workmen were exposed.

&8 Text Summary

THREAT AT POINT:
Concentration Estimates at the point:
West: 329 yards South: 122 yards
Max Concentration:
Outdoor: 18.4 ppn
Indoor: 0.0976 ppn
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ALOHA was designed to give you “ballpark” estimates of source strength and dispersion. It cannot give
you completely accurate predictions for areal release, because no model can account for every uncertainty.
For example, ALOHA predicted that the workmen were exposed to a concentration of about 10 ppm of
chlorine for only afew minutes. However, if the wind shifted during the course of the release, the
concentration at the workmen’s location could have been higher or lower than ALOHA's estimate. If you
were to respond to areal event similar to this example, you might wish to obtain values for the tank’s
dimensions, the size and location of the hole, and other information that you’ d need to run ALOHA’s Tank
source option, which takes time-dependent rel ease rates into account.

12. When you' ve finished this example problem, simply choose Exit (in Windows) or Quit (on a
Macintosh) from MARPL OT’s File menu. ALOHA's threat zones will then be deleted from the
map.
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Refer to this chapter for detailed explanations of ALOHA program operation, features,
and menu items. The sections of this chapter correspond to ALOHA's menus.

File menu
New New Ctr+N
Choose New to clear all information about a scenario from Open. St
ALOHA before beginning anew scenario.When you choose this Close Ctrl+w
menu item, you have the option of saving your old scenario Save Ctr45
before clearing ALOHA. Save As...

Print... Ctrl+P
Open Print All...

Print Setup...
Choose Open to open a previously saved ALOHA file.

Exit Alt+F4

Whenever you open a saved file within ALOHA, you can
choose between two modes: Response M ode or Planning
Mode.

Response Mode. Choose this mode when you open a saved file in order to use ALOHA during areal
emergency. As ALOHA opensthefile, it will restore the information contained in the file that is expected
to stay the same from day to day. Thisinformation includes location, chemical of concern, and the
dimensions of existing storage vessels and containment areas. You'll need to enter information specific to
your incident, including current weather conditions and the circumstances of the release (these could
include, for example, the dimensions and location of ahole in atank, or the area of a puddle of spilled
liquid).

Planning Mode. Choose this mode when you want to look at a saved scenario again—with al of the
same input values as at the time it was saved. |f you were using the computer’s clock to set the time,
ALOHA will use the time when the file was saved as the constant time. If you were using a portable
weather monitoring station (SAM), the most recent transmission will be entered into ALOHA as user-
entered atmospheric data.

Saved files created from the current version of ALOHA are cross-platform: you can open asavefile
created in Microsoft Windows on a Macintosh computer, and vice versa.
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Close
Choose Close to close ALOHA's front window. However, you cannot close the Text Summary window.

Save and Save As
Choose Save or Save As when you want to save the results of your work in adatafile.

Do thisif you wish (a) to prepare in advance for an incident response by creating a set of saved ALOHA
files or (b) to be able to rerun a scenario in the future. If you modified property information about a
selected chemical while setting up a scenario, you can save thisinformation in a saved file without making
a permanent change to the chemical library. When you open and use a saved filein ALOHA in planning
mode, all the information in the file will be restored. When you open and use a saved filein ALOHA in
response mode, you’ll still need to enter information specific to a particular release, such as weather
conditions and the amount of material released, before you can obtain a source strength estimate or threat
zone plot.

Print, Print All, and Print or Page Setup

Choose Print to print the contents of the front ALOHA window. Choose Print All to print the contents of
al active ALOHA windows. Choose Print Setup in Windows (or Page Setup on a Macintosh) to choose
the printer and other print options.

Quit or Exit

Choose Quit (on a Macintosh) or Exit (in Windows) to exit ALOHA. To save the scenario you have been
working with, select Save or Save As from the File menu before exiting from the program.

Edit menu

Copy

Choose Copy to copy pictures or selected text from the front

window to the clipboard. You can then paste copied itemsinto a Copy Ctrl+C

word processing or graphics application.

The Undo, Cut, Paste, and Clear menu items are not available
in ALOHA.
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SiteData menu

The SiteData menu isthe first menu in ALOHA that you use to enter information about a release scenario.
Use the three items in this menu to enter information about:

» The geographic location of the chemical release;
Location... Ctrl+L
Building Type...

» Thetype of buildingsin the area downwind of atoxic
chemical release; and

» Thedate and time of the release. Date 8. Thne... CHriE

Location

Choose this item to specify the geographical location of arelease. ALOHA uses the latitude, longitude,
elevation, and time zone of the location of a chemical release in some of its computations. This
information, for many cities and towns where ALOHA usersreside, is aready included in ALOHA's
location library (CityLib). You can add descriptions of other locations. ALOHA uses location information
to estimate:

» Sunangle (ALOHA uses latitude, longitude, and time of day for this calculation); and

» Atmospheric pressure (determined by the location’s elevation).

The angle of the sun isimportant when a chemical has formed a puddle on the ground that is evaporating.
ALOHA calculates the amount of energy coming into the puddle from the atmosphere and from the
ground. For example, if the sun is high in the sky (around noon), the amount of energy coming into the
puddleis greater than it would be in the early morning or late afternoon, when the sun is lower. The more
energy coming in, the higher the evaporation rate.

Selecting a location. To specify the location where arelease is occurring, select L ocation from the
SiteData menu. You'll see ascrolling, aphabetical list of cities (mostly U.S. cities and towns). Scroll
through the list (to speed your search, type the first one or two letters of the city name), click on the city

name, then click Select.

SEATTLE, WASHINGTON
SHAWNEE, OKLAHOMA
SHERMAN, TEXAS
gonct]
SMITHTOWN, NEW YORK
SNOHOMISH, WASHINGTON
SOMERSWORTH, NEW HAMPSHIRE
SOMERVILLE, MASSACHUSETTS
SOUTH BEND, INDIANA

SPARKS, NEVADA

SPARTANBURG, SOUTH CAROLINA
SPOKANE, WASHINGTON Delete
SPRINGFIELD, ILLINOIS

ST. ALBANS, WEST VIRGINIA

ST. CHARLES, MISSOURI v Help

i

Add

H
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Adding, modifying, and deleting location infor mation

You can add a new city or other geographic location to ALOHA's library of
cities (CityLib). You can add both U.S. and non-U.S. locations to the library.
For alocation outside of the U.S., you must manually change the time setting
whenever time at the location switches between daylight savings and standard
time.

Be as accurate as you can when entering information about alocation; ALOHA
uses your valuesfor elevation, latitude, and longitude to calculate solar radiation
and air pressure. However, small errorsin location information don't affect the
accuracy of ALOHA's predictions. An estimateis accurate enoughiif it iswithin
adegree or so in latitude and longitude and a few hundred feet in elevation of
the actual site.

Adding information about a U.S. city. Choose L ocation from the SiteData menu to access the list
of locations. Click Add. In the dialog box that appears, type the location’s name, approximate latitude and
longitude, and elevation, then click on the name of its state or territory in the scrolling list of U.S. states
and territories on the right side of the window (click anywhere within the list, then type the first letter of
the state or territory name to quickly move to that letter’s location in the list). ALOHA checks that the
information you have entered is within the range of reasonable values for the state or territory that you
select. (If you have entered avalue that is not in this range, ALOHA will tell you which valueis out of

range; you must correct your value before continuing.) Click OK.

Enter full location name:

Location is !Jupiter

Pl : a
Is location in a U.S. state or territory ? Select state or temitary

& In U.5. " Notin U.S5.
ALASKA ~
Enter approximate elevation ARIZONA
Elevation is |50 Aft Cm ARKANSAS
CALIFORNIA
= . COLORADO
Enter approximate location CONNECTICUT
deg.  min. DELAWARE

Latitude i:—ZB ll—m, &N CS DIST OF COLUMBIA

Longitude (80 o8 CE cfw

Cancel Help
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Unlessthelocation isin a state with multiple time zones,
ALOHA automatically recognizes the location’s time

zone, and also adjusts time of day for daylight savings

when necessary. ALOHA “knows’ which states are seiect Cine zonslerdlly

located in each U.S. time zone. However, 11 U.S. states fcenna

extend across more than one time zone. When you add a RAERSET

new city in any of these statesto ALOHA’s city library,

you may need to indicate the time zone in which the city [k Q Gancel nele

islocated, if it is closeto a boundary between time
zones. If the city is not located near atime zone
boundary, ALOHA will not display this dialog box. States with multiple time zones are: 1daho, Indiana,
Kansas, Kentucky, Michigan, Nebraska, North Dakota, Oregon, South Dakota, Tennessee, and Texas.

Onceyou’ve clicked OK, the name of the new location should appear highlighted in the location list. To
save your information and select the location from the lit, click Select. If you click Cancel now, the
information about the location that you just entered will not be added to the location library, and the city
name will be removed from the list.

Adding a location outside the U.S. Choose L ocation from the SiteData menu to access the list of
locations. Click Add. In the dialog box that appears, type in the name of the location. Don't include its
country name (you'll be asked for that later). Select Not in U.S. Type the location’s approximate elevation,
latitude, and longitude, then click OK.

Enter full location name:

Location is [Hamilton

Is location in a U.S. state or territory ?
" In U.5. # Notin U.S.

Enter approximate elevation

Elevation is |0 Fft Cm

Enter approximate location
deg. min.

Latitude |32 18 N CS

Longitude |64 [48 TE W

| OK ; | Cancel Help
'

Next, you'll seethe Foreign Location Input dialog box. Type the country name, then the number of hours
that local standard time at the location differs from Greenwich Mean Time (GMT). This time offset value
should be positiveif the location isin the western hemisphere (North and South America), and negative if
it'sin the eastern hemisphere (Europe, Africa, Asia, and Australia).
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Click the appropriate button to indicate whether standard
or daylight savingstimeis currently in effect at this
location. ALOHA automatically switchesthe time
setting for U.S. cities from Standard to Daylight Savings
Time (using the date on your computer’s clock), but it
does not aUtoma“ Ca”y make thlS Change for Iocaﬂons Is current model time standard or daylight savings
outside the U.S. Be sure to change the time setting e _ o
manually whenever time at anon-U.S. location switches Fratle W Gl
between daylight savings and standard time. Once you Cancel Help
have entered all necessary information about a new

location, click OK. Click Select to add the location to the

library. Click Cancel only if you decide not to add the location to the library.

Foreign Location Input

Country name: |Bermuda

Offset from local STANDARD time to GMT: !‘2 hours

Modifying a location. You can modify the description of acity or other location in the city library. You
can modify the location name, its approximate latitude and longitude, its average elevation above sealevel,
the state, territory, or country where it exists, the local time setting, and the GMT offset if it'sanon-U.S.
location. To change information that you' ve already entered for alocation, choose L ocation from the
SiteData menu to accessthe list of locations. Click onits namein the location list, then click M odify. You
will see the information about that location that is currently in the location library. Delete the information
that you wish to change, then type in the new value. Click OK.

Deleting a location. To remove alocation from the list, choose L ocation from the SiteData menu to
access the list of locations. Click on its name in the location list, then click Delete. Click Cancel to avoid
deleting the location; click OK to delete the location from the list.

If you accidentally click OK to delete the wrong city, once you’ ve returned to the Location dialog box,
click Cancel. If instead you click Select to close this dialog box, the city will be deleted.

Building Type

For toxic gas dispersion scenarios, ALOHA can estimate

the pollutant gas concentration within buildings downwind
of achemical release. (Note: This setting cannot be used
in fireand explosion scenarios.) You first must specify the
building type of concern, which could be either the type of
building that is most common in the area downwind of the
release point, or the type that you are most concerned
about. Indicate whether the building is single- or double-
storied or is an enclosed office building. You also must
indicate whether it isrelatively sheltered or unsheltered
from the wind by trees, buildings, or other obstacles to the
wind. ALOHA expects pollutant concentrationsto build up
faster within single-storied rather than double-storied

Infiltration Building Parameters

Select building type or enter exchange parameter

" Enclosed office building Help [

@ Single storied building
" Double storied building
" No. of air changes is || per hour

Help
(" Sheltered surroundings [trees, bushes, etc.)

& Unsheltered surroundings

Select building surroundings

Cancel |

buildings and faster within unsheltered rather than sheltered buildings.
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To estimate indoor pollutant concentration, ALOHA first estimates the building’s air exchange rate—that
is, the number of times per hour that the volume of air within the building is completely replaced by new
outdoor air when doors and windows are closed. Thisrate islessthan 1.0 if it takes more than an hour to
completely change the air within the building. You also can choose to enter avalue for air exchange rate,
rather than specifying a building type, if you have thisinformation. To estimateinfiltration rateinto a
building, ALOHA assumesthat all doorsand windows are closed.

Whether you specify building type to be (a) asingle- or double-storied building or (b) an enclosed office
building makes a big difference in how ALOHA chooses an exchange rate value.

For single- and double-storied buildings, ALOHA accounts for the effects of wind speed and temperature
to compute air exchange rate. ALOHA expects abuilding’'s air exchange rate to increase if the wind speed
increases, because a faster wind exerts more force to push air through the small openingsin abuilding's
walls. The degree of difference between indoor and outdoor air temperature also affects ALOHA's air
exchange rate estimate (ALOHA assumes the temperature within the building to be 68°F, or 20°C). The
greater the temperature difference, the higher the air exchange rate, regardless of whether the air within the
building iswarmer or cooler than the outside air (thisis because air masses of different temperatures have
different pressures, and pressure differences stimulate air movement). The higher abuilding’s air exchange
rate, the faster the concentration of atoxic gasis predicted to rise within the building. To estimate
exchange rate, ALOHA assumes that single- and double-storied buildings are about as leaky astypical
North American houses that have been studied by researchers (Wilson 1987).

For enclosed office buildings, ALOHA uses a constant air exchange rate of 0.5, regardless of wind speed
and air temperature. Thisis because the environment within alarge, modern, enclosed building is
controlled and kept nearly constant, regardless of weather conditions, using a heating, ventilating, and air-
conditioning (HVAC) system. The American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) recommends that air exchange rates for buildings be kept within the range of 0.5 to
1.0 complete changes per hour to maintain air quality.

If you know a building’s air exchange rate (the number of times per hour that the total air volume within
the building is replaced), type this number next to No. of air changes. You also can adjust this number to
compare the effects of different air exchange rates on indoor infiltration of a pollutant gas.

When you specify single- or double-storied building type, you aso must indicate whether the building is
sheltered or unsheltered. Pollutant gases infiltrate more slowly into sheltered than unsheltered buildings of
the same type. Below is adecision aid for choosing between sheltered or unsheltered surroundings.

Surrounding Features Selection Choice

If the buildings are surrounded by trees, bushes, or other buildingsin | Sheltered surroundings
the direction from which the chemical cloud will be coming.

If the buildings are in an open space, with nothing near them. Unsheltered surroundings

If you don't know about the surrounding features, or if you are unsure. | Unsheltered surroundings
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Date & Time
Choose Date & Time from the SiteData menu

to specify the date and time for ALOHA to use

asthe gar“ ng “me of your Scenario You may You can either use the computer's internal clock for the model's date
A A ’ and time, or set a constant date and time.

choose either to enter a specific time, or to have

ALOHA take the tl me from your Computer’s @ Use internal clock ¢ Set a constant time

internal clock. When you use theinternal

clock option, you will need to set your Internal Clock Time is:

computer’sclock tothelocal timewherea Wed Nov 23 13:31:51 2005

release has occurred. For example, if you are
running ALOHA in Sesttle for an incident
taking place in Miami, set your clock to the

current Miami time. Cancel | Help |

The starting time of a scenario affects ALOHA's calculations in two ways: (1) ALOHA uses the scenario
start time to determine whether it is night or day when choosing a stability class, and (2) ALOHA usesthe
position of the sun at the scenario start time to estimate incoming solar radiation. Solar radiation can be an
important influence on puddl e evaporation. Whenever you use your computer’s clock, the scenario starting
time will be updated to the current time whenever you enter atmospheric information, change location, or
choose the Date & Time menu item.

To specify date and time, choose Date & Time from the SiteData menu, then select either:
» Useinternal clock to use your computer’sinternal clock; or

» Set aconstant timeto set a specific time when you want a scenario to begin. Typein the month, day,
year, hour, and minute. This option is useful for contingency planning or training exercises because
you can set up scenariosto run at different times of the day and/or year (and therefore under different
atmospheric conditions).

ALOHA uses the 24-hour time system, in

which time of day isindicated by four digits.
Thefirst two digits indicatethe hour (001028) | Juf .o see cancinm st anmer -+ o " el 2
and the last two indicate the number of minutes
past that hour (00 to 59). Each day begins at
midnight, 0000, and the last minute of each day

" Use internal clock # Set a constant time

is2359. Under this system, 6:00 am. is 0600, Inputa constant date and time :
and 2:30 p.m. is 1430. Month Day Year Hour Minute
| 25 [2006 [14 |30]
(1-12) (1-31) (1900-..) [0-23) (0-59)

Cancel I Help I
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SetUp menu

Asyou enter information into ALOHA about arelease scenario, you'll move on to the SetUp menu after
you'’ ve completed your work with the SiteData menu. Choose items from this menu to select a chemical
from ALOHA’s chemical library, describe weather conditions, and explain how the chemical is escaping
from containment. You also can specify how you want ALOHA to predict the dispersion of the pollutant
cloud in the atmosphere for dispersion scenarios—that is, for toxic gas dispersions, flash fire flammable
areas, and vapor cloud explosions.

Select items from the SetUp menu in descending order as you describe a scenario: first select Chemical,
then Atmospheric, and finally Source.

Chemical... Ctri+H
Atmospheric » User Input...  Ctrl+a
Source 4 SAM Station...

Calculation Options. ..

Chemical... Ctrl+H

Atmospheric » |

Source L4 Direct... Ctrl+D

Calculation Options... Puddle... Ctri+U
Tank... Ctri+T

Gas Pipeline... Ctri+l]

Chemical

Select Chemical from the SetUp menu to access alist of the chemicalsincluded in ALOHA's chemical
library (ChemL.ib). Physical property and toxicological datafor about 1,000 pure chemicalsareincluded in
the library. ALOHA uses the information in the library to predict how a particular chemical may escape
from a container and disperse in the atmosphere. The library does not include any chemical mixtures,
chemicals with unstable structures, or chemicals of such low volatility and toxicity that they don’t
represent air dispersion hazards (that is, solids or liquids with very low vapor pressures that present atoxic
hazard only when present at high concentrations). The library does contain a small number of solutions.
You can add pure chemicalsto the library or delete chemicals from it, and you can modify information
about the physical properties of any pure chemical.

Note: You cannot view or modify propertiesthat were obtained from the proprietary Design
Institute for Physical Properties Data (DI PPR®) database.
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Selecting a pure chemical. To choose a pure chemical, locate its name in the chemical list. Chemical
names appear in alphabetica order in the list, with prefixes such as“n-,” “tert-,” or “1, 2-” ignored. To
navigate quickly through the list, type the first one or two letters of the name, then scroll up or down until
you see the name of the chemical that you wish to select. Double-click on the name (or click once on the
name, then click Select) to select it. Once you have selected a chemical, you'll see some of its most
important properties listed in the Text Summary window.

Chemical Information

@ Pure Chemicals

View:

" Solutions m
CARENE - _
ICHLORAMINE Cancel |
CHLORINE DIOXIDE
CHLORINE PENTAFLUORIDE Add
CHLORINE TRIFLUORIDE Q
CHLOROACETONE
CHLOROACETONITRILE Modify |
CHLOROACETYL CHLORIDE
2-CHLOROACRYLONITRILE
CHLOROANILINE Delete |
CHLOROBENZENE
M-CHLOROBENZOTRIFLUORIDE v Hel

p I

Selecting a chemical solution. To choose one of ALOHA's chemical solutions, click on the
Solutions option to display thelist of solutions. Double-click on the name (or click once on the name, then
click Select) to select it. Typein its percent by weight in the Solution Strength box (ALOHA shows you
the allowable range). Once you have selected a solution, you' [l see some of its most important properties
listed in the Text Summary window.

Chemical Information

View: " Pure Chemicals

# Solutions

AQUEOUS AMMONIA
HYDROCHLORIC ACID
HYDROFLUORIC ACID
NITRIC ACID

OLEUM

il

Cancel

Solution Strength: I3I] % [by Weight)

The percentage of ammonia in solution.
Allowable range is D to 30 percent.

Help I
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Reactive chemicals. ALOHA assumes that the moleculesin the released chemical do not react with
each other or with the gases that make up the atmosphere, such as oxygen and water vapor. That is,
ALOHA assumes that the molecules that disperse in the atmosphere are the same molecules that originally
escaped from a contai ner. However, some chemicals react with dry or humid air, water, other chemicals, or
even themselves. Because of these chemical reactions, some or all of the molecules that disperse
downwind sometimes may be very different from the molecules that originally escaped from containment.
They may be heavier or lighter than the original molecules, may have different properties and behave
differently in the atmosphere, and may be more or less toxic than the original chemical. In some cases,
these differences may be substantial enough to make ALOHA's predictions inaccurate.

ALOHA will allow you to model any reactive chemical asa _

non-reactive chemical, but it will warn you that it may not

be able to produce accurate results. When you select an air- 1\ Warning!
or water-reactive chemical, ALOHA will alert you that the PHOSPHORUS TRICHLORIDE can react with

H H H H H H water andfor water vapor to produce hydrogen
chemical is reactive, and will describe the type of reaction chloride, phosphoric acid and heat. ALOHA
and reaction products to expect cannot accurately predict the air hazard if a

reaction occurs.
If you choose to model the chemical, ALOHA will place a DO Y08 wamfo,Madctthis asseming Ao
similar warning in the Text Summary window as an [Ecawa]
ancel Y65 [ Help [

additional reminder.

Chemical information in the Text Summary window. Review the Text Summary for information
about the chemical you' ve selected. For example, values for some properties of benzene appear in the Text
Summary below. You can see, for example, that benzene's boiling point iswell above most ambient
temperatures, so you can expect to encounter it as aliquid.

~

CHEMICAL DATA:

Chemical Hame: BEMZENE Molecular Weight: 78.11 g/mol
ERPG-1: 50 ppm ERPG-2: 158 ppm ERPG-3: 1088 ppm
IDLH: 588 ppm LEL: 12000 ppm UEL: 80000 ppm

Carcinogenic risk - see CAMEOD

Ambient Boiling Point: 176.2° F

Vapor Pressure at Ambient Temperature: 0.069 atm
Ambient Saturation Concentration: 68,987 ppm or 6.89%

Some items in the chemical information summary need some explanation:

* Ambient Saturation Concentration. Within a confined space such as a cargo hold or warehouse, at a
given temperature, the ambient saturation concentration is the maximum concentration in the air that
the vapor evaporating from aliquid pool may reach. If achemical has a high ambient saturation
concentration, it has a strong ability to displace air, and the concentration of the chemical’s vapor in
the air above the liquid will be high. If it's low, the vapor concentration will be low. This property
changes with temperature—aliquid at a higher temperature will have a higher ambient saturation
concentration. The ambient saturation concentration of agasis 1,000,000 parts per million, or 100
percent. ALOHA displays ambient saturation concentration because it can sometimes be useful to
you to compare it with athreshold concentration of concern, such as a Lower Explosive Limit.
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Level of Concern (LOC). An LOC is athreshold value of ahazard (toxicity, flammability, thermal
radiation, or overpressure); the LOC is usually the value above which athreat to people or property
may exist. A list of standard LOCs will appear on the Text Summary screen, including: AEGLS,
ERPGs, TEELs, IDLH, UEL, and LEL. For toxicity, there are often several different standard LOC
value to choose from—AEGLS, ERPGs, TEELS, and IDLH all relate to toxic thresholds. ALOHA
uses the following hierarchy to choose a default toxic LOC: (1) 60-minute AEGL, (2) ERPG, (3)
TEEL, and (4) IDLH. For AEGL s, ERPGs, and TEEL s, the rank number increaseswith the
hazard level, so that AEGL -3 ismore hazardousthan AEGL-1. Typically, the“-3” values are
used for the red threat zones which represent the worst hazard.

ALOHA sometimes places notes in the Text Summary:

When you select a chemical such as benzene which has been identified as a confirmed, potential, or
suspected carcinogen, a notation (Carcinogenic risk - see CAMEQO) will appear in the Text
Summary.

When you select achemical for which little information is available, ALOHA displaysthe following
note in the Text Summary: Not enough chemical data to use Heavy Gas option. This note alerts
you that, although the chemical’s molecular weight is heavier than 29 kilograms per kilomole (the
average molecular weight of air) so that it may behave like a heavy gas, ALOHA will haveto use
Gaussian dispersion calculations to model its behavior in the atmosphere, unless you add additional
property information.

& Text Summary

SITE DATA: ~
Location: SEATTLE, WASHINGTON
Building Air Exchanges Per Hour: 8.60 (unsheltered single storied)
Time: January 28, 2006 1327 hours PST (using computer's clock)

CHEMICAL DATA:
Chemical Mame: SARIN Molecular Weight: 148.11 g/mol
AEGL-1{60 min): 4.8e-04 ppm AEGL-2(60 min): 0.006 ppm AEGL-3(60 min): 0.022 ppm
Normal Boiling Point: 297.0° F
Note: Mot enough chemical data to use Heavy Gas option

Chemical data. The chemical library includes information about the physical properties of each
ALOHA chemical. It aso includes—depending on the chemical—values for AEGL s (60-minute), ERPGs,
TEELSs, IDLH, UEL, and LEL. You can add your own toxic LOC for any pure chemical to ALOHA's
chemical library. ALOHA will automatically use your LOC as the default for the selected chemical.

The ALOHA library contains information from two sources. When available, physical property values
were obtained from a chemical database compiled by the Design Institute for Physical Properties Data
(DIPPR), known as the DIPPR database. Other values were obtained from the chemical database included
in the Computer-Aided Management of Emergency Operations (CAMEO®) hazardous chemical
information system (developed by the U.S. Environmental Protection Agency and the National Oceanic
and Atmospheric Administration).
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ALOHA usesinformation from the library to model the physical behavior of achemical that you have
selected. For example, once ALOHA knows the temperature within atank, it can use library information to
estimate the vapor pressure, density, and other properties of the chemical stored in the tank.

You only need the name of a chemical and its molecular weight to run the simplest ALOHA scenario—a
toxic gas dispersion using a Direct source and the Gaussian dispersion model. However, ALOHA's more
complex calculations require information about other properties of the chemical. Check Table 5-1 for the
property information needed for each source and dispersion model option. (You do not need to add avalue
for liquid density because ALOHA estimates this property from other information that you enter.)

Table 5-1: Properties needed to use each ALOHA source and dispersion option.

Property Direct Puddle Tank Pipeline Hgaa\;y Gaussian
Chemical Name + + + + + +
Molecular Weight + + + + + +
Normal Boiling Point <> + + 4+ 2
Critical Pressure <> + + + ]

Critical Temperature <> + + + ]
Gas Density +
Normal Freezing Point + +

Gas Heat Capacity + + + +
Liquid Heat Capacity + +

Heat of Combustion F F F F

Vapor Pressure *%

+ Required property value.

<> Required if release rate or amount is expressed in volume units (gallons, liters, or cubic meters).
[l Requiredif vapor pressureis not entered.

F Requiredif the chemical isflammable and you want to run scenarios where it may catch on fire.

** Required if critical temperature and critical pressure are not entered.

Note: For somefire and explosion scenarios you may also have to enter explosive limits. To

calculate the flammable areas of a flash fire, ALOHA must havethe LEL (L ower Explosive
Level). To model a vapor cloud explosion, ALOHA must havethe LEL and the UEL (Upper
Explosive Limit).
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Adding a chemical to the library. Select Chemical from the SetUp menu, then click Add on the
dialog box that appears. Type the chemical’s name in the Chemical Name box. Next, type its molecular
weight (in grams per mole) in the molecular weight box. Then add valuesfor al other propertiesthat you'll
need to run ALOHA (check Table 5-1 to see which properties are necessary for ALOHA's various source
and dispersion options). To enter additional property values, click on the name of each property in the
scrolling list of property names (or click Next Field until the property name is highlighted). Type property
values in the appropriate boxes, then choose units.

You must add a reference temperature and pressure for al properties that change their values when
temperature and/or pressure changes. For example, if you were adding afictional chemical (such as methyl
ethyl death) into the chemical library, you would need to know that it has a gas heat capacity of 1,500
joules per kilogram Kelvin at atemperature of 320 Kelvin and a pressure of 101,325 pascals.

Input Available Information

Chemical Name: |Methyl Ethyl Death
Molecular Weight: [42 gimol
Default LOC-3 [Red) ~ | Heat Cap. (gep) Value: 1500
Density [gas]
Density (liquid) Ji(kg °K] j
ERPG-1
EEEE:% Heat Cap. (gep) Temperature: ’32[}7
Flash Point .
Freezini Point |nurma|| Kelvin j
Heat Cap.[gas,const.press.
Heat Cap.[lig..const.press.) Heat Cap. (gcp) Pressure: 101325
Heat of Combustion v

Pa %

Next Field oK Cancel | Help |

Once you have entered all information about a new chemical, click OK to permanently add your new
chemical to ALOHA's chemical library. The Chemical Information dialog box appears with the newly
updated list of chemicalsin ALOHA’s chemical library. Click Select to select the chemical that you' ve just
added. Click Cancdl if you decide not to permanently add the chemical to the library.

Modifying a chemical entry in the library. To modify information about a chemical, first select
Chemical from the SetUp menu. Select the name of the chemical in the dialog box that appears, then click
M odify. Click on the name of each property that you are adding or modifying in the scrolling list (or click
Next Field until you' ve highlighted the property name). Type property values in the corresponding boxes,
or modify existing values, and modify unitsif necessary.
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You'll find that you cannot modify all property valuesfor ALOHA chemicals already included in the
library. Values that you cannot modify, and their units, appear dimmed. These are values that ALOHA
calculates internally, using either values for the chemical’s critical properties (molecular weight, boiling
point, critical temperature, and critical pressure) or information from the DIPPR database. If you would
like to use your own property values for an ALOHA chemical, add the chemical using a dlightly different
name—such as CHLORINE-2—and type your own valuesin the new property boxes.

When you' re finished making your modifications, click OK to add them permanently to ALOHA's library.
To avoid making permanent changes to the library, click Cancel.

Deleting a chemical from the library. To permanently delete achemical from ALOHA’s library,
select Chemical from the SetUp menu. Select the name of the chemical in the dialog box that appears,
then click Delete. Click OK to delete the chemical permanently from ALOHA'slibrary. Click Cancel to
avoid deleting the chemical.

Atmospheric

You can enter information about current weather conditions into ALOHA either manually (by typing in
values for wind speed, air temperature, and other weather factors) or by connecting your computer to a
portable meteorologica station, called a SAM (Station for Atmospheric Measurement). ALOHA uses the
information that you enter to account for the main processes that affect the results of the various scenarios.
These include atmospheric heating and mechanical stirring, low-level inversions, wind speed and
direction, ground roughness, and air temperature.

User Input

In the SetUp menu, point to Atmospheric, then select User Input. The first of two Atmospheric Options
dialog boxes appears. In the dial og boxes, manually enter the following information about conditionsin the
vicinity of an accidental release: wind speed and direction, wind measurement height, ground roughness,
cloud cover, air temperature, atmospheric stability class, inversion height (if alow-level inversion exists),
and relative humidity.

Chemical. .. Ctrl+H
User nput..— ke
Source 4 SAM Station... k

Calculation Options. ..

ALOHA assumes that weather conditions remain constant throughout the incident area. For this reason,
use values that best represent conditions throughout this area. If weather conditions change, update this
information and run ALOHA again.
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Wind speed, direction, and measurement height. ALOHA needsto know the wind speed and
direction, as well as the height at which the wind speed and direction are measured. The wind direction
determines which way a pollutant cloud will drift. The wind speed affects not only how fast the cloud will
travel downwind, but also how much it moves about in the crosswind and vertica directions. When the
wind is slower, the cloud meanders more.

Atmospheric Options

Wind Speedis: [5 € knots & mph (" meters/sec _Help |

Wind is from [S Enter degrees true or text [e.g. ESE)
Measurement Height anve ground is; Help I .
L8 & 4 OR © entervale: |10 £ ot

FASY * meters
C Zall W

Use Table 5-2 when you need to estimate the wind speed from environmental clues. For example, when the
wind speed is 12 knots, you would expect to see small branches of trees and bushes moving slightly, and
dust and loose paper blowing along the ground.

Table 5-2: Estimating wind speed from environmental clues.
(Oneknot equals 1.15 miles per hour.)

M etersper International
Second Knots Description Specifications

<1 <1 Cam Calm; smokerises verticaly

<1-2 1-3 Light air Direction of wind shown by smoke drift, but not
by wind vanes

2-3 4-6 Light breeze Wind felt on face; leaves rustle; ordinary vane
moved by wind

4-5 7-10 Gentle breeze | Leavesand small twigsin constant motion; wind
extends light flag

5-8 11-16 Moderate Raises dust, loose paper; small branches are
moved

8-11 17-21 Fresh Small treesin leaf begin to sway; crested wavelets
form on inland water

11-14 22-27 Strong Large branches in motion; whistling heard in
telegraph wires; umbrellas used with difficulty

14-17 28-33 Near gale Whole trees in motion; inconvenience felt
walking against wind

17-21 34-40 Gale Breaks twigs off trees; generally impedes
progress
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Enter the direction from which the wind is blowing, using either units of degreestrue, or one- to three-
letter directional terms. For example, you can indicate that the wind is blowing from the north-northeast by
entering either NNE or 22.5 degrees.

Table 5-3: Wind directions expressed in letter terms and corresponding degrees.

Directional Letter(s) Degrees Directional Letter(s) Degrees

N 0 or 360 S 180

NNE 225 SSwW 202.5
NE 45 SW 225

ENE 67.5 WSW 247.5
E 90 W 270

ESE 1125 WNW 292.5
SE 135 NW 315

SSE 157.5 NNW 3375

Finally, enter the height at which wind speed and direction A
have been measured. ALOHA accounts for the way in which
wind speed changes with height in a pattern called a wind
profile. Closeto the ground, friction slowsthewind. At higher
elevations, the wind speed isfaster. High enough up (typically
afew hundred yards or meters, or higher), the wind speed
reaches a maximum, because it is no longer affected by
friction (as shown at the right in awind profile).

ELEVATION

Indicate the wind measurement height in the * Measurement
height above ground” section. Choose one of the following
three options to indicate the height:

» SAMstypicaly are mounted on a 3-meter (9.8-foot)
stand, so the wind reference height for readings from a
SAM islikely to be 3 meters. Select the icon on the left WIND SPEED
(the one with the close-up view of a person) to indicate
aheight of 3 meters—thisis ALOHA’s default measurement height.

» The National Weather Service usually reports wind speed measured at a height of 10 meters (about
33 feet). Select the icon on the right (the one of the tower) to indicate a height of 10 meters.

 If you know that your wind speed value is being measured at a different height, type that height in
the measurement height box, then choose units.
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Ground roughness. The degree of atmospheric turbulence influences how quickly a pollutant cloud
moving downwind will mix with the air around it and be diluted below your LOC. Friction between the
ground and air passing over it is one cause of atmospheric turbulence. Because the air nearest the ground is
slowed the most, eddies develop, just as they would in the water next to ariverbank. The rougher the
ground surface, the greater the ground roughness, and the greater the turbulence that develops. Ground
roughness is determined by number and size of roughness elements present in an area. A roughness
element is asurface feature that disturbs the flow of air, but issmall relative to the size of a pollutant cloud.

GROUND R:OUGHNESS GROUND ROUGHNESS

Urban o forest | Open Country

: S

Open water

5

To indicate the ground roughness downwind of arelease, either (a) choose one of three roughness
classes—Open Country (low roughness, low turbulence), Urban or Forest (high roughness, high

turbulence), or Open Water (very low roughness, very low turbulence)—or (b) enter your own value for
roughness length, Z,, aterm used by meteorol ogists to describe ground roughness.

» Click Open Country if there are only small or few roughness elements in the area. Examples
include farmland, grassland, and large parking lots.

» Click Urban or Forest if the area has many friction-generating roughness elements, such astrees or
small buildings. Examplesinclude residential housing developments, industrial areas, and forests.

» Click Open Water if apollutant cloud istravelling over alarge body of water (relative to size of the
cloud). Examples include oceans and large |akes. Except when the wind speed is very high, Open
Water is the lowest ground roughness category in ALOHA.

Atmospheric Options

‘wind Speed s : ES " knots & mph  meters/sec _ Help |
‘Wind is from IS Enter degrees true or text [e.g. ESE)
Measurement Height JP\'E ground is; Help |

o ! o " leet
r F*::_i-{:_:_} OR © enter value: |10 G ision

Ground Roughness is : H
(+ Open Country _"‘Eb_]
€ Utban o Forest OP " Input Roughness (Za) :

(" Open'Water

A chemical cloud generally travels farther across open country and open water than over an urban areaor a
forest. Thisis because it encounters fewer, smaller roughness elements to create turbulence.
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Choose the dominant category of ground roughness
in the areawhere the pollutant cloud may travel. For
example, if 70% of the areais urban or forest and
30% is open country, click Urban or Forest. If you
can't easily determine the dominant category, run
ALOHA once with each category selected to get an
idea of the possible range in threat zone size.

If something, such asatall building, isvery large
relative to the pollutant cloud, it islikely to be an
obstacle that diverts a pollutant cloud rather than a
roughness element that generates turbulence. For
example, in a downtown area on a Sunday morning
with no cars on the streets, the best ground
roughness category for asmall release may be Open
Country. Inthis case, the buildings are obstacles and
the street is the roughness the pollutant cloud will
experience.

How does ALOHA interpret your Z, value?

It depends on whether it uses Gaussian or
heavy gas dispersion calculations. When
ALOHA makes its heavy gas calculations, it
uses the Z, value that you entered, unlessit is
greater than 10 cm. In such cases, ALOHA
assumes Z, to be 10 cm. When ALOHA makes
its Gaussian calculations, if you enter aZ,,
value of 20 cm or more, ALOHA uses the
Urban or Forest roughness parameters. If you
enter aZ, value of lessthan 20 cm, ALOHA
uses the Open Country roughness parameters.

If you prefer to type in a value for roughness length (Z,), you can refer to Table 5-4. Note that roughness
length is not a simple function of the height of the roughness elementsin an area.

Table 5-4: Surface Roughness (Z,) Equivalences from Brutsaert 1982.

Surface description Z,(cm)
Mud flats, ice 0.001
Smooth tarmac (airport runway) 0.002
Large water surfaces (average) 0.01- 0.06
Grass (lawn to 1 cm high) 0.1
Grass (airport) 0.45
Grass (prairie) 0.64
Grass (artificial, 7.5 cm high) 1
Grass (thick to 10 cm high) 2.3
Grass (thin to 50 cm) 5
Whest stubble plain (18 cm) 244
Grass (with bushes, some trees) 4
1-2 m high vegetation 20
Trees (10-15 m high) 40-70
Savannah scrub (trees, grass, sand) 40
Large city (Tokyo) 165
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Cloud cover. ALOHA needsavaluefor cloud cover,
the proportion of the sky that is covered by clouds, in
order to estimate the amount of incoming solar
radiation at the time of a chemical release. Solar
radiation is an important influence on puddle
evaporation rate because heat from the sun can warm a
puddle and speed up evaporation. In the U.S,, cloud
cover is usualy measured in tenths: when the sky is
completely covered by clouds, cloud cover is 10 tenths;
when half the sky is covered by clouds, it is 5 tenths;
when the sky is completely clear, it is O tenths. These
values are represented by the complete cover, partly
cloudy, and clear icons, respectively.

To select cloud cover, either:

WindSpeedis: [ (" knots & mph (" meters/sec _Help |
Windishiom : [S  Enter degrees ue or text (e.g. ESE)
Measuement Height above groundis: ~_ Help |

1 ~ E i " feet
F:_::-‘:.:_}. OR " enter value: |10 e

{“ o

Ground Roughness is : Help |

* Open Country ~ .
€ Utban o Forest OB Input Roughness [Zo) :
" Open'wWater

Select Cloud Coves : elp I

H
@ % Q:J OR (" enter value ES
» i ' o c‘ ﬂ]?’\é]

complete partly clear
cloudy

covelr

[ oo |

» Click the button corresponding to either 0, 3, 5, 7, or 10 tenths; or

» Typeawhole number between 0 and 10 in the box for cloud cover value in tenths (for example, type

“6" if cloud cover is 6 tenths).

Air temperature. ALOHA requires avalue for the air temperature in the vicinity of achemical release.
You can enter avalue in either degrees Fahrenheit (°F) or degrees Celsius (°C). Air temperature influences
ALOHA's estimate of the evaporation rate from a puddle surface (the higher the air temperature, the more
the puddle is warmed by the air above it, the higher the liquid’'s vapor pressureis, and the faster the
substance evaporates). Because several physical processes involved in achemical release are affected by

temperature, use as accurate a value as possible.

Atmospheric Options 2

Aur Temperature is : f?Z Degrees & F  C Help |

Stabdity Class is : Hdp|f" CEFCC

Irwversion Hesght Options are Help |

@ MNolnversion  Inversion Present, Heightis : i

(& (& Ovemide l

(" feat
" meters
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Stability class. The atmosphere may be more or less turbulent at any given time, depending on the
amount of incoming solar radiation as well as other factors. Meteorol ogists have defined six atmospheric
stability classes, each representing a different degree of turbulence in the atmosphere. When moderate to
strong incoming solar radiation heats air near the ground, causing it to rise and generating large eddies, the
amosphereis considered unstable (relatively turbulent). Unstable conditions are associated with
atmospheric stability classes A and B. When solar radiation is relatively weak or absent, air near the
surface has a reduced tendency to rise, and less turbulence develops. In this case, the atmosphereis
considered stable (less turbulent), the wind is weak, and the stability class would be E or F. Stability
classes D and C represent conditions of more neutral stability (moderate turbulence). Neutral conditions
are associated with relatively strong wind speeds and moderate solar radiation.

UNSTABLE NEUTRAL STABLE
>
A v
.

Figure 5-1. Effects of solar radiation on atmospheric stability.

Stahility class has a big effect on ALOHA's prediction of the threat zone size for dispersion scenarios.
Under unstable conditions, a dispersing gas mixes rapidly with the air around it. ALOHA expects that the
cloud will not extend as far downwind as it would under more stable conditions, because the pollutant is
soon diluted to below your LOC, and ALOHA will display a shorter threat zone than it would for more
stable conditions.

MIXING

STRONG HEATING :

MUCH TURBULENT :

UNSTABLE : NEUTRAL STABLE
\‘\ N > &%
weak winds strong winds weak winds
p -
SUNSHINE, NIGHTTIME

*In rare cases, stronger winds may be associated with F stability.

LIT

G

Figure 5-2. Stability class and mixing of a pollutant cloud.
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ALOHA uses Table 5-5 (based on Turner 1994) to automatically choose the stability class that best
represents the weather conditionsthat you enter. If more than one stability classfits the conditions that you
indicate, ALOHA selects the most stable of these classes. For example, if both A and B fit the conditions,
ALOHA sdlects B. However, you can click A if you believe this class to be more appropriate. Buttons for
stability classes inappropriate for those conditions are unavailable for selection.

Table 5-5: Sability class and wind speed.

Wind Speed* Day: Incoming Solar Radiation Night: Cloud Cover
M eter s per Knots Miles per Srong** M oder ate Slight*** >50% <50%
second hour
<2 <39 <4.5 A A-B B E F
2-3 3.9-5.8 4.5-6.7 A-B B C E F
3-5 5.8-9.7 6.7-11.2 B B-C C D E
5-6 9.7-11.7 11.2-134 C C-D D D D
>6 >11.7 >13.4 C D D D D

Note: Stability is D for completely overcast conditions during day or night.

Note: Thistableisfor releases over land. If the release occurs over water, the stability class will be either D or E.

*  Wind reference height is 10 meters.

**  “Strong” solar radiation corresponds to clear skies with the sun high in the sky (solar angle greater than 60 degrees).

+ “Slight” solar radiation corresponds to clear skies with the sun low in the sky (solar angle between 15 and 35 degrees).

You can click Override to change ALOHA's stability class choice and choose any of the six stability
classes. You should do this, however, only if you are sure that a special circumstance causes the best choice
for stability class to be different from the choice made by ALOHA. For example, the atmosphere above a
snow-covered landscape is typically more stable than would be expected for a given combination of wind
speed, cloud cover, and time of day. If you are modeling a release over snow-covered ground, then you
might want to choose a more stable class than ALOHA chooses for you. Additionally, some organizations
may require users to model all scenarios using a single scenario class—in which case, they usually pick
stability class F to model the worst-case scenarios.

Inversion height. Aninversionisan atmospheric condition in which an unstable layer of air near the
ground lies beneath a very stable layer of air above. The height of the abrupt change of atmospheric
stability is called the inversion height. An inversion can trap pollutant gases below the inversion height,
causing ground-level concentrations of a pollutant to reach higher levels than would otherwise be
expected.
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Thetype of inversion of concern for dispersion modeling isalow-level inversion that could trap a pollutant
cloud near the ground. Sea smoke and low ground fog are good indicators of the presence of this type of
inversion. A low-level inversion is different from the inversion that causes smog. That type of inversionis
typically thousands of feet above the ground—much too high to affect a dispersing gas cloud.

ALOHA's Gauissian dispersion mode
. . Atmospheric Options 2
accounts for inversions, but the heavy gas

b Air T tre is : [72 D &F CC  Help |
model does not, even when you'veindicated |™ “"P e it P
that an inversion exists. A low-level Stability Classis: _Help | A cncc cneE © Override |
inversion may significantly increase ground- | inversion Height Options are :  Help |
level concentrations of a neutrally buoyant © Nolnversion & Inversion Present, Heightis : |250 e
gas. Molecules of such gases disperse
Select Humidity : Help |

upwards and outwards as they are transported e o .
downwind, and are reflected from an £ % %
inversion layer back towards the ground. A A I
heavy gas cloud, in contrast, remains close to
the ground asit disperses, and isnot normally 0K N Cancel |
affected even by low-level inversions.

OR ~ enter value : [30 %

wet medium dry [0-100)

If alow-level inversion is present, type in the height of the inversion layer and select units. If thereis no
low-level inversion, be sure that No I nversion is selected.

Humidity. Relative humidity isthe ratio of the amount of water vapor that the air contains to the
maximum amount of water vapor that the air could hold at the ambient temperature and pressure. Relative
humidity is expressed as a percentage. When relative humidity is 50 percent, the air contains one-half as
much water vapor asit could potentially hold. The warmer the air, the greater its capacity to contain water
vapor. Cold air may contain little water vapor but have a high relative humidity because the amount of
water vapor inthe air is near the air’s relatively low maximum capacity.

ALOHA uses the relative humidity value to:

» Estimate the atmospheric transmissivity value;

» Estimate the rate of evaporation from a puddle; and

» Make heavy gas dispersion computations.
Atmospheric transmissivity is a measure of how much thermal radiation from afire is absorbed and
scattered by the water vapor and other atmospheric components. ALOHA estimates the transmissivity
from relative humidity and uses the transmissivity when estimating thermal radiation threat zones. L ower
relative humidly values will result in longer threat zone estimates. Response techniques, like a water-fog,

artificialy increase water vapor and decrease the transmissivity in the incident areato try to reduce the
thermal radiation hazard.

Enter arelative humidity valuein either of two ways: either select the option that best represents your
relative humidity value, or type the relative humidity (as a percentage) in the humidity value box.
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SAM Station

Although you can enter all weather information into ALOHA manually, ALOHA can also accept datafrom
an external portable meteorological monitoring station, called a Sation for Atmospheric Measurement
(SAM). SAM data can be transmitted to ALOHA by either radio frequency or a cable. ALOHA can use
SAM measurements of wind speed and direction, standard deviation of the wind direction, and air
temperature. (ALOHA cannot accept relative humidity readings made by a SAM; you'll need to enter
these measurements into ALOHA manually.)

Choosing a SAM. A few companies manufacture SAMs for use with ALOHA. Before purchasing a
SAM to usewith ALOHA, check with its manufacturer to be sure that it is designed to work with ALOHA,
and to learn how to connect the station to your computer so that it can transmit datato ALOHA. Before
using a station not specifically designed for ALOHA, be surethat it transmits datain aformat that ALOHA
can accept (this format is described below).

Transmitting SAM data to ALOHA. For usewith ALOHA, a SAM must meet several design criteria.
The SAM should sample wind speed and direction at arate of at least one sample every 2 seconds. It must
transmit wind speed and direction and air temperature readings every 30 seconds. (Because air temperature
does not change quickly over time, it may be sampled less frequently than wind speed and direction.) Data
transmitted from your SAM to ALOHA must be in the following free-field, comma-delimited format
(ALOHA displays unprocessed SAM datain the same format):

<cr><If>1D,VSWD,SD,TA,SPDI,TI,B,CHK,

Table 5-6: Trandlation key for SAM data codes.

Code Required Information
<cr> Carriage return (ASCI| character code 13)
<If> Linefeed (ASCII character code 10)
ID Station identification number
VS Vector mean wind speed, averaged over 5 minutes in meters per second
WD Mean wind direction, averaged over 5 minutes, in degrees true
SD Standard deviation of the wind direction (“sigmatheta’) in degrees
TA Mean air temperature, averaged over 5 minutes, in degrees Celsius
SP Instantaneous wind speed in meters per second
DI Instantaneous wind direction in degrees true
TI Instantaneous air temperature in degrees Celsius
B Instantaneous SAM battery voltagein volts
CHK Checksum, computed by summing the ASCII values of all preceding
charactersin the dataline, including the carriage return and line feed
characters and the preceding comma
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During the first five minutes of data collection, the SAM should transmit “-1" asits value for SD (sigma
theta). Although a station ID number must be included in each data transmission, ALOHA does not use
this value. Wind direction should be the direction from which the wind is blowing.

If the SAM checks automatically for invalid data and finds an erroneous value, it should transmit a data
line that includes, in place of that value, either no value (the data line would then contain two successive
commas with no value between them: “,,”) or aword such as “error” asits value for an invalid datum (the
dataline would then contain “,error,”). Because ALOHA does not check SAM data transmissions for
unacceptabl e values, the SAM should not transmit a numeric value such as“999” in place of an erroneous
value.

Using a SAM during an incident. When you use a SAM with ALOHA during incident response,
place your SAM so that its readings will be as representative as possible of the whole area through which
the pollutant cloud may travel. Be sure to place it at alocation such as an open field, parking lot, or
clearing where the wind is not affected by obstacles, such astrees, buildings, or hills. Avoid placinga SAM
in the lee of buildings, vehicles, or other obstacles to wind flow, where wind speed and direction may be
very different from the rest of the area. Place the SAM upwind of the source of a pollutant gas release so
that you will not need to decontaminate it after use.

Choosing the correct port for receiving SAM data. SAM dataistransmitted to ALOHA through
your computer’s serial port. On a Windows computer, thisisthe COM1, COM2, COM3, or COM4 port.
On a Macintosh computer, thisis the modem port.

Choosing aradio frequency. If you are using ALOHA within the U.S,, you'll find that the rules for
assigning and using radio frequencies are specific to your locality; no national guidelines exist. Check with
the manufacturer of your SAM, or with the government authority in your areathat assigns radio
frequencies, if you want to be assigned a frequency that you can use to transmit SAM information to
ALOHA. Thisauthority could be alocal, state, or federal agency, depending on your location.

Setting up ALOHA when you’'re using a SAM. Check to be sure that your SAM is properly
connected, configured, and turned on (you' | need to check with the manufacturer if you have questions on
how to do this). Next, in the SetUp menu, point to Atmospheric, then select SAM Sation. If you are
using a Windows computer, you will be asked to indicate the port to which the SAM station is connected.

Chemical. .. Ctrl+H

Source 4 SAM Station. ..

Calculation Options. ..
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You'll need to enter some information about environmental conditions;

» |If alow-level inversion is present, type in the height of the inversion layer and select appropriate
units. If thereis no inversion, be sure that No Inversion is selected.

* Indicate the ground roughness in the area downwind of the release point.

» Specify the station height (the height of the instruments above the ground).

« |Indicate the amount of cloud cover, in tenths.

» Enter avalue for relative humidity (as a percentage). Even if your SAM can measure relative
humidity, you'll need to enter this value manually into ALOHA.

User Input for SAM Unit Cloud Cover and Humidity

Inversion Height Options are :  Help
* Mo Inversion

" Inversion Present, Height is :
Ground Roughnessis: _ Help

(« Open Country
OR " Input Roughness (Zo) :
" Urban or Forest

" Open'Water

* feet
" meters

Station Height above ground is: Help

e ff’r o +L OR  entervalue: |3 ;::ttm
[ 2
_Cencel |

Select Cloud Cover :

7 5 LX

g T DR enter value

Help |

comple!s pamy clear 0-10)
cover cloudy
Select Humidity :
ok @A %
C

wet medium dry

DR enter value %

(0-100)

Cancel

ALOHA will not allow you to choose items from the Source menu until the SAM has been collecting data

for at least 5 minutes.

SAM Options. After you click OK on the Cloud Cover and Humidity
dialog box, you'll see a new menu, SAM Options, to the right of ALOHA's
Sharing menu. You need not choose any items in this menu to use a SAM
with ALOHA. Instead, use them when you want to view or archive weather

information collected by the SAM.

Archive Data

Raw Data
Processed Data
Wind Rose
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Archive Data. Choose Archive Data from the SAM Options menu to create a tab-delimited text file
containing datafrom the SAM aong with dates and times of transmissions. You will be asked to name the
archivefile. Typein afile name, then click Save. ALOHA then createsthisfile for you asit receives SAM
data, adding data each time it receives new information from the SAM.

Data are arranged in columns and rows within the archive file. The first three linesin the file contain an
explanation of units, and the date and time when the data were collected. The fourth line contains the
column headings, as follows:

Hr Min Sec ID mW/S mDir SigTh mTemp iW/S iDir iTemp BatVol,

Table 5-7: Trandation key for SAM column headings.

Column Heading Required Information
Hr Hours
Min Minutes
Sec Seconds
ID Station identification number
mWI/S Vector mean wind speed in meters per second
mDir Mean direction in degreestrue
SigTh Sigma theta (standard deviation of the wind direction) in degrees
mTemp Mean air temperature in degrees Celsius
iW/S Instantaneous wind speed in meters per second
iDir I nstantaneous direction in degrees true
iTemp I nstantaneous temperature in degrees Celsius
BatVol I nstantaneous SAM battery voltage in volts

ALOHA does not place alimit on the amount of datayou may archive. To stop data archiving, choose End
Archive Data from the SAM Options menu. You can then open and view the file in any word-processing
program. To view the most recently transmitted SAM datawithout interrupting data archiving, select either
Raw Data or Processed Data from the SAM Options menu.
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Raw Data. Choose Raw Data from the SAM Options menu to examine the most recently transmitted,
unprocessed SAM data. ALOHA displays unprocessed SAM datain the same format in which it is
transmitted from the SAM.

999 ,1.52,32.85,5.91,15.81,1.39,26.17,15.75,12.3

kY
Checksum s o
—

Station ID nuMber s

Sigma theta (degrees) efip

Vector mean wind speed (meters per second) =———f
Mean wind direction (degrees true) s=——fi

Mean air temperature (degrees Celsius) s——fip
Instantaneous wind direction (degrees true) =g
Remaining SAM battery voltage (vOits) =——fip

Instantaneous wind speed (meters per second) ——{ip
Instantaneous air temperature (degrees Celsius) ==

Processed Data. Choose Processed Data from the

SAM Options menu to view processed weather data, SProcessed Sam Data, FEX
including the most recently transmitted instantaneous Rteorclagieal Statian 10z 992

readings as well as 5-minute running averaged values, in INSTANTANEOUS

anew Processed SAM Datawmdo_w. If ALOHA cannot Wind Speed: N.8 agh

interpret and process the data that it receives from your wind Direction: 41 degrees true

Temperature: 61° Fahrenheit

SAM, it will display an error message in this window.
5 MINUTE RUNNING AUERAGE

Several i_temsin the Processed SAM Window need Wind Speed: 3.7 mph
explanation: Wind Direction: 34 degrees true
Temperature: 60° Fahrenheit
» TheMeteorological Sation ID isthe Sigma Theta: 9.3 degrees
identification code of the SAM that is sending data Battery Uoltage: 12.30 volts
to your computer (thisID is assigned by the
manufacturer).

* Wind Direction (in the case of both instantaneous
and average values) is the direction from which the wind is blowing.

» The standard deviation of the wind direction is called Sigma Theta. This value reflects the amount
of fluctuation in the wind direction during the last 5 minutes. The more the wind switches direction,
the larger isthe value of sigmatheta. ALOHA uses sigmatheta, along with wind speed, cloud cover,
and time and date, to choose the stability classfor your scenario. The SAM transmits avalue of -1.00
for sigmatheta until it has been transmitting for 5 minutes.

» Battery Voltage is the remaining voltage of the battery on your SAM.
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Wind Rose. Choose Wind Rose from the SAM Options menu to view a diagram showing the 10 most
recent average wind speed and direction values received from the SAM station. Each line on the diagram
represents a 5-minute running average speed and direction. Each lineis drawn from the center out towards
the direction to which the wind is blowing. Line length indicates wind speed.

The two concentric circles on the diagram represent e CER
wind speeds of 10 and 20 miles per hour (mph), if

you have indicated a preference for English units, or
5 and 10 meters per second (m/s), if you indicated a

e
preference for metric units (indicate your units
preference by choosing Display Options from the
Display menu). The length of each line on the
diagram indicates wind speed. For example, aline
drawn from the center of the diagram out to the 10 s
\REHEHZD

miles per hour circle represents an average wind
speed of 10 miles per hour.

14.4 mph

The most recent average wind value is represented

on the diagram by a darker line. The most recent 5-
minute average wind speed is displayed below the

diagram.

Monitoring a long-term release. You may sometimes use a SAM with ALOHA to monitor weather
conditions during along-term release (such as a slowly evaporating pool of toxic liquid) or a potential
spill. When you do so, bear in mind that although your SAM is providing current weather information,
other ALOHA inputs may become out-of-date during the course of the response as conditions change. At
least once each hour, assess whether you need to adjust important model inputs that could affect ALOHA's
estimates of source strength or cloud dispersion. For example, you may respond to a release of aliquid
from a storage tank, originally running the release in ALOHA as a Tank source. After an hour or so, the
tank may stop leaking, but an evaporating puddie may have formed. In such a case, rerun the scenario in
ALOHA asaPuddle source. Later, if the puddle becomes smaller in size asit evaporates or becauseit is
being cleaned up or diked, enter new values for its area and its volume, mass, or depth, then rerun your
Puddle scenario.

Whenever you use a SAM with ALOHA, make sure that your computer’sinternal clock is set to the time
and date of the release that you are modeling. ALOHA uses time and date, along with wind speed and
cloud cover, to choose stability class.
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Source

In an ALOHA scenario, the sourceisthe vessel or pool from which a hazardous chemical isreleased. The
source strength is the rate at which the chemical enters the atmosphere or the burn rate, depending on the

scenario. A chemical may escape very quickly (so that source strength is high), as when a pressurized
container is ruptured, or more slowly over alonger period of time (so that source strength islow), as when

apuddle evaporates. ALOHA can model four types of sources.

» Direct: chemical release directly into the atmosphere (bypassing ALOHA's source calculations).

» Puddle: chemical hasformed aliquid pool.

e Tank: chemical is escaping from a storage tank.

» GasPipeline: chemical is escaping from aruptured gas pipeline.

For each source, ALOHA will allow you to choose the scenario(s) you wish to model. The number of
available scenarios depends on the source and the chemical released. Table 5-8 lists the scenarios that
ALOHA can model for each source.

Table 5-8: ALOHA sources and scenarios.

Source Toxic Scenarios Fire Scenarios Explosion Scenarios
Direct
Direct Release Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Puddle
Evaporating Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Burning (Pool Fire) Pool Fire
Tank
Not Burning Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Burning Jet Fire or Pool Fire
BLEVE BLEVE (Fireball and Pool Fire)
Gas Pipeline
Not Burning Toxic Vapor Cloud Flammable Area (Flash Fire) Vapor Cloud Explosion
Burning (Jet Fire) Jet Fire
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When you choose one of the four source
options from the SetUp menu, you will need
to enter information about the release on a m

series of dialog boxes. Onceyou click OK on Chemical... Ctrl+H

the last dialog box, ALOHA will make its Atmospheric »

source strength calculations, and you' Il be EED o Ctr+D
ableto rgvi ew the r'esults of the source — Puddle... Ctrl+U
calculations—predicted release duration, Tank... Cri+T
release rates, total amount rel eased, and other Gas Pipeline... Ctrl+]
information—in atext summary and on a

source strength graph.

Note: ALOHA does not display a source strength graph for BLEVE scenarios.

ALOHA's duration limits. ALOHA places minimum and maximum limits on the duration of any
release. ALOHA expects arelease into the atmosphere to continue for at least 1 minute. If ALOHA
calculates a source strength (evaporation rate or burn rate) for your current scenario, it estimatesit for no
more than 1 hour after arelease begins. If ALOHA predicts that arelease would last longer than 1 hour,
you will see amessage on the Text Summary window: Release Duration: ALOHA limited the duration
to 1 hour.

One important reason for the 1-hour duration limit is that the wind changes speed and switches direction
frequently. Researchers have found that atmospheric conditions change enough to affect ALOHA's
predictions on atime scale of about 1 hour. Bear in mind that ALOHA assumes that weather conditions
remain constant for the duration of any release. Another reason is that the calculation methods ALOHA
uses are based on the results of experiments. In these experiments, gases were rel eased into the atmosphere
for time periods from 10 minutesto 1 hour; the researchers then observed how the dispersing gases
behaved.

This 1-hour limit represents the maximum possible release duration. If you are responding to an incident,
check whether release conditions change substantially before an hour has passed. For example, if an
evaporating puddle has substantially changed in area, or the wind speed or direction has changed, enter
new atmospheric and source information into ALOHA and obtain an updated threat zone plot.

Release duration for vapor cloud explosions

For vapor cloud explosions, the release can be modeled for less than 1 minute.
However, if your chosen release duration—that is, the time until the cloud
ignites—is less than one minute, you will not get the maximum possible
explosion. Additionally, if you are modelling an instantaneous release from a
Direct source, not al of the chemical will be released for times less than one
minute because ALOHA models the release as a constant release with a one
minute duration.
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ALOHA reports release rate. When you use ALOHA's Puddle, Tank, or Gas Pipeline source options,
ALOHA reportsthe release rate in the Text Summary as the M aximum Aver age Sustained Release Rate
or asthe Maximum Burn Rate. ALOHA computes release rate from a puddle, tank, or gas pipeline asa
series of hundreds of brief timesteps. Each timestep represents arate of release that is maintained for a

particular amount of time (timesteps are short if release rate is changing rapidly, and longer if release rate
is nearly constant).

For releases into the atmosphere, ALOHA averages this series of many release rates into between one and
five release rates that are each for atime period of at least 1 minute. For burn rates, ALOHA averages over
timesteps lasting 20 seconds. (Choose Sour ce Strength from the Display menu to see a graph of these
averaged rate(s) for a particular scenario.) To save calculation time, ALOHA uses these averaged release

rate(s) to make its threat zone estimates. The Maximum Average Sustained Release Rate (or the Maximum

Burn Rate, if applicable) isthe highest of these averaged release rates. It is represented by the tallest
timestep on the Source Strength graph.

When a gas or liquid escapes from a pressurized container, the rel ease rate may drop very quickly
(sometimes within seconds) as the pressure within the container drops. In such cases, theinitial releaserate
may be much higher than the maximum average release rate.

When you're using a SAM. ALOHA recomputesitsthreat zone and threat at a point estimates each
time it receives new weather data from a SAM. However, it does not recompute source strength when it
receives new data. During prolonged incidents, because time of day and weather conditions may have
important effects on source strength (especially from an evaporating puddle), be sureto periodically update
ALOHA's source strength calculations.

Direct source

In the SetUp menu, point to Sour ce, then select Direct. Choose the Direct source option if you know the
amount of pollutant gas released directly (or evaporated), or if you have too little information about a
release to use another source option but feel that you can make a“ballpark estimate” of the total amount of
chemical released into the atmosphere. Note: In ALOHA, “direct” refersto thefact that the scenario
information is directly entered by the user, bypassing ALOHA’s sour ce calculations. Whenever you
must estimate a value, try entering the largest likely value as well the smallest likely value into ALOHA,
then check to see how the size of the threat zone changes when your value changes. If you have enough
information about the release, you may wish to choose the Puddle, Tank, or Gas Pipeline source option
instead so that ALOHA will make the estimates for you.

Chemical... Ctrl+H

Atmospheric »

Source 4 Direct... Ctr+D

Calculation Options,. . Puddee;.. Sty
Tank... Chrl+T

Gas Pipeline... Ctrl+I
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To model adirect release of gas into the atmosphere, you will need to estimate the amount of pollutant
directly entering the atmosphere as a gas. This could be the amount of pollutant vapor evaporating from a
puddle or the amount of gas escaping from a gas pipeline or tank rupture. It would not be the amount of
liquid spilling from atank and forming a puddle, because the liquid is not directly entering the atmosphere.

In this case, you need to estimate the rate at which the gas enters the atmosphere (i.e., evaporation rate)
rather than the spill rate.

Accurately estimating therate of release

When modeling a Direct source, you can only enter a constant rate for your
chosen duration. However, in most rel eases the rate will change over time. For
example, if achemical escapes from a pressurized tank or gas pipeline, its
release rate may decline rapidly as storage pressure drops. If possible, you
should choose either the Tank or Gas Pipeline source option. Both account for
rate changes over time and will result in more accurate threat zone estimates.

Once you have entered all of the required information, you can set your LOCs and view the threat zones
for the vapor cloud. For flammable chemicals you can view the (1) toxic area, (2) flammable area, and (3)

blast area (if a vapor cloud explosion occurs). For nonflammable chemicals you can view the toxic threat
ZOnes.

Direct release of gas into the atmosphere. Begin by selecting the source strength units. You can
use units of either weight or volume. (If you use volume units, you must complete a second dialog box
where you will specify whether the chemical isagas or liquid and enter its storage temperature. ALOHA
then converts volume to mass to make its source strength computations.) Next, indicate whether the release
isinstantaneous (lasting one minute) or continuous (lasting more than one minute). If areleaseis
continuous, type its duration in minutes. (ALOHA has a maximum duration of 60 minutes.)

Select source strength units of mass or volume: Help
" grams " kilograms * pounds " tons([2,000 Ibs)
" cubic meters ¢ liters " cubic feet " gallons

Select an instantaneous or continuous source: Help
 Instantaneous source @ Continuous source

Enter the amount of pollutant ENTERING THE ATMOSPHERE: Help
+ pounds/sec

100|  pounds{min for |60 minutes

" poundsthr (1-60)
Enter source height ~ feet Help
(0 if ground source]: 0

" meters

Cancel
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Type either the amount of pollutant entering the atmosphere (for an instantaneous release) or the rate of
entry (for a continuous release). For a continuous source, this value must be expressed as arate, such as
pounds per minute. Thisisthe rate at which achemical is being released into the atmosphere (i.e., the rate
at which agasis escaping from atank or the evaporation rate of a puddie). If you must estimate or guess
the amount or rate, try entering the largest likely amount (or rate) as well the smallest likely amount (or
rate) into ALOHA, then check to see how the size of the threat zone changes when your amount estimate
changes.

Source height. The source height isthe height of the location of a chemical release above the ground.
Source height is zero if the chemical isreleased at ground level. Enter a source height greater than zero to
model arelease from an elevated source only if ALOHA is making Gaussian dispersion calculations.
ALOHA does not account for any substantial upward or downward movement of a gas cloud in the
atmosphere. Enter a non-zero source height only when the released chemical disperses passively away
from the release point, without rising substantially upwards (as a gas emitted from a heated or burning
source may do) or slumping downward towards the ground (as a heavy gas may do).

If you enter a source height greater than zero, but your selected chemical isaheavy gas, ALOHA will dert
you that it must use a source height of zero to model the release. Although the source height that you
entered appears in the Text Summary, ALOHA assumes the height to be zero when making its dispersion
computations.

If you are not sure of the source height, bear in mind that a ground-level release is a more conservative
choice than an elevated release; ALOHA will predict alonger threat zone for a ground-level release.

Puddle Source

In the SetUp menu, point to Sour ce, then select Puddle. Choose the Puddle source option to model a
liquid that has already spilled and formed a puddie on the ground (i.e., it is not changing in area). ALOHA
can model the puddle either as an evaporating puddle or, if the chemical isflammable, as a pool fire.

Note: If liquid iscontinuing toleak from atank and spill into a puddle (so that the puddle’ sarea and
volume ar e increasing) choose the Tank source option instead.

Chemical... Ctrl+H

Atmospheric »

Source » Direct... Ctrl+D

Calculation Options... = St k
Tank... Chrl+T

Gas Pipeline... Ctrl+I
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Type of Puddle. When you use the Puddle source with aflammable chemical, ALOHA will ask you to
specify whether you want to model an evaporating puddle or burning puddle (pool fire) before you can
enter any details about the puddle.

» Evaporating Puddle: As aflammable puddle evaporates, it forms a vapor cloud above the puddie.
ALOHA can predict three possible hazardous outcomes: the toxic area of the vapor cloud, the
flammable area of the vapor cloud (where igniting the cloud would cause aflash fire), and the
overpressure (blast force) from avapor cloud explosion.

» Burning Puddle (Pool Fire): When aflammable puddle catches on fire, it is called a pool fire.
Potential hazards associated with a pool fire include thermal radiation, smoke, and toxic byproducts
from the fire. ALOHA can help you model the thermal radiation hazard.

Type of Puddle

Scenario:
Puddie of a flammable chemical.

Type of Puddle
@ Evaporating Puddle
" Burning Puddle [Pool Fire]

Potential hazards from flammable chemical evaporating from puddie:
- Downwind toxic effects
-Vapor cloud flash fire

- Overpressure [blast force) from vapor cloud explosion

OK é | Cancel Help

When you use the Puddle source with anonflammable chemical, ALOHA will automatically select the
evaporating puddle option and the toxic gas output (the only options for a nonflammable chemical).

Evaporating Puddle. To model evaporation from a puddle, ALOHA accounts for the effects of wind
speed, atmospheric turbulence, air temperature and pressure, viscosity, and other properties of the spilled
chemical. It accounts for the effects on puddle temperature of solar heating, evaporative cooling, and
several other ways in which heat is exchanged between a puddle and its environment. For example, on a
sunny day, ALOHA will expect heat energy from the sun to warm the puddle. It expects puddie
temperature to directly influence evaporation rate so that the higher the puddle temperature, the faster the
evaporation rate. ALOHA accounts for changes in puddle temperature and, therefore, evaporation rate
over time.
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What if the weather conditions change?

Bear in mind that wind speed and air temperature
are important influences on evaporation rate. |f
these conditions change after ALOHA has
estimated an evaporation rate, enter the new values
and rerun ALOHA.

Thetypes of heat transfer that ALOHA expects to affect puddle temperature fall into the following three
categories.

* Incoming solar radiation (affected by location, time and date, and cloud cover);
» Heat transfer with the air (affected by air temperature, humidity, and initial puddle temperature);

» Heat transfer with the ground (affected by ground temperature, ground type, and initial puddle
temperature).

S
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solar
radiation

Absorbed
radiation

Emitted

Evaporative radiation
heat A
loss
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Figure 5-3. Factors influencing ALOHA's puddl e evaporation estimates.

ALOHA can model evaporation from puddles that are either boiling or that are cooler than the boiling
point of the liquid that they contain. It cannot estimate sublimation rate for afrozen puddle (afrozen
substance sublimes when it passes directly to the gas state without first becoming liquid).
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Area and Volume. Enter the puddie areaor, if the puddleis roughly circular, type its approximate
diameter and ALOHA will estimate its area. If the puddle is roughly square or rectangular in shape, you
must enter its area (equalsto its length multiplied by its width). If the length and width are in units of feet,
then the area will be in units of square feet; if the diameter or the length and width are in meters, the area
will bein square meters, and so on. Puddle area strongly influences the evaporation rate (or burn rateif the
puddieis burning). When all elseis equal, the larger the area of a puddle, the higher isits evaporation rate
or burn rate.

Next, enter the amount of chemical contained in the

puddle. Specify the amount of liquid contained in the R TR
puddle by %Iecﬂng Puddle \: :ir::'leter is: [25 square : W"tds
® VOI ume Of pUddIe, Select one and enter appropriate data

“ Yolume of puddle
" Average depth of puddle
" Mass of puddle

» Average depth of puddle; or
* Massof puddle.

@« gallons  liters

Volume is: |300| =

cubic feet " cubic meters

Type avolume, depth, or mass value in the
corresponding box and select the appropriate units. Cancel | Help |

Ground Type and Initial Temperatures. Next, for evaporating puddles, indicate the type of ground
beneath the puddle. Ground type influences the amount of heat energy transferred from the ground to an
evaporating puddle. Ground type is most important when the spilled liquid is cryogenic. Cryogenic
liquids, such as refrigerated propane, are liquids which are stored at very low temperatures because they
boil at temperatures well below ambient. Asit estimates heat transfer from ground to puddlie, ALOHA
assumes that the ground does not absorb any of the spilled chemical, and that none of the chemical spilled
onto water dissolves into the water.

ALOHA offersyou five choices for ground type:

o Default soil: unwetted soil not covered by Select ground type Help |
rock or concrete. & Default soil [select this if unknown)
" Concrete
» Concrete: concrete, cement, asphalt, or ¢ Sandy dry soil
otherwise paVed surfaces. " Moist sandy soil
i  Water
e Sandy dry soil.

Input ground temperature M

* Moist sandy soil.

" Use air temperature [select this if unknown]

« Water: lakes, oceans, or other large bodies of ¢/Groundtemperatureisfzz | € F €C
water. Input initial puddle temperature Help [
.. . @ Use ground temperature [select this if unknown)
Note: For ground type, descriptivetermslikedry £ Use olf lempacdtors
or moist refer to the state of the ground before C Initial puddie temperature is 72~ G F ¢
the chemical was spilled—that is, the amount of
water in the soil. S (Cancelly)
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ALOHA expects heat to be transferred most readily from default ground or concrete surfacesinto a puddle,
and least readily from sandy ground. The heat transfer from water is generally greater than that of any of
the other ground types.

Next, indicate the ground temper ature, which influences the amount of heat transferred between the
ground and the puddie. The warmer the ground, the warmer the puddle and the higher the evaporation rate.
Typein avaue for ground temperature, and choose either Fahrenheit or Celsius degrees. If you do not
know the ground temperature, you can choose to estimate that it is about equal to the air temperature. In
this case, click Use air temperature (select thisif unknown).

Air and ground temperatures can be very different in some situations, such asin a parking lot on a hot day
late in the afternoon, or on a street during the early morning after a very cold night. Be sure to estimate air
and ground temperatures carefully in such situations.

Thelast piece of information ALOHA needsistheinitial puddle temperature. ALOHA assumes the initial
temperature to be the same throughout the depth and width of the puddie. Indicate that the initial puddle
temperature equals either the ground temperature or the ambient air temperature, or enter avalue for the
initial puddle temperature. Click the button that represents your choice. If your value for initial puddle
temperature is above the liquid’s normal boiling point, ALOHA will aert you and allow you to set the
initial puddle temperature to the boiling point.

If the puddleisburning, you only need to enter the

initial puddle temperature because ground type and

ground temperature do not affect pool fire Input initial puddle temperature Help |
CaICUIaIi ons. ALOHA assumes the Inltlal @ Use air temperature [select this if unknown)
temperature to be the same throughout the depth © Initial puddie temperature is [72 EE e
and width of the puddle.

Cancel [
Tank

In the SetUp menu, point to Sour ce, then select Tank. Choose the Tank source option to model rel eases of
unpressurized liquids, liquefied gases, or pressurized gases from tanks or drums. ALOHA can model |eaks
that release the chemical directly into the atmosphere, as well as leaks that form an evaporating puddie. If
the chemical is flammable, ALOHA can aso model BLEVEs, pool fires, and jet fires.

Chemical. .. Ctrl+H
Atmospheric b
Source » Direct... Ctrl+D

Puddle... Ctri+U

Calculation Options... m
Gas Pipeline... Ctri+]
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You can choose to model releases from three types of tanks: acylindrical tank lying onits side, a
cylindrical tank standing on its end, or a spherical tank. ALOHA assumes any tank to be on level ground.

If the tank contains pressurized gas or liquid, ALOHA computes the change over time in pressure and
temperature (aswell asliquid volume) inside the tank asit leaks. If the tank contains unpressurized liquid,
ALOHA assumes that gravity will drain the tank and that a puddle will form on the ground below the tank.

ALOHA cannot model arelease in which there is both a pre-existing puddle on the ground and liquid
continuing to leak from atank into the puddle. If you encounter this situation, and the puddieis still
spreading, choose Tank from the Sour ce submenu to model the release as a tank leak. If the puddle has
reached, or is about to reach, its maximum size, choose Puddle from the Sour ce submenu to treat the
release as a pre-existing puddle.

Liquefied gases. Boththeliquid and gas phases of a chemical sometimes can escape together from a
ruptured tank as a two-phase flow. Many substances that are gases under normal pressures and
temperatures are stored under high enough pressures to liquefy them. For example, propane is a gas at
normal pressures and temperatures but is often stored under pressure as aliquid. When arupture or broken
valve causes a sudden pressure loss in atank of liquefied gas, the liquid boils violently, the tank contents
foam up, and the tank fillswith amixture of gas and fineliquid droplets (called aerosol). When such atwo-
phase mixture escapes from the container, the release rate can be significantly greater than that for a purely
gaseous release. Note: ALOHA does not model therelease of aliquid that has an overpressure
applied to it from an inert gas.

When liquefied propane or asimilar chemical escapes from storage, it can form a heavy gas cloud. The
cloud is heavy, in part, becauseit isinitially cold and also because it consists of atwo-phase mixture. The
tiny aerosol droplets mixed into the cloud act to weigh the cloud down and make it denser, and their
evaporation acts to cool the cloud.

When ALOHA predicts that aliquefied gas will escape as atwo-phase flow, it alerts you with a message
on the Text Summary: Note: The chemical escaped as a mixture of gasand aerosol (two phase flow).

When you use ALOHA to model arelease from atank of aliquefied gas such as propane, generally
ALOHA will predict that the substance will escape as a two-phase flow if the tank is pressurized. It treats
ammonia and chlorine as specia cases, however, because enough information about these chemicalsis
available to permit the use of more refined source strength calculations. When thereis only a small amount
of material in atank, the holein the tank is small, or the tank pressureislow, ALOHA predicts that these
two chemicals will escape from storage as a pure gas, rather than as a two-phase flow.
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Tank Size and Orientation. To model the release of aliquid or gas from a storage tank, you must
indicate both the size of the tank and its general shape (which affects how it will drain). Choose the most

appropriate of three tank types:
* Horizontal cylinder;
» Vertical (upright) cylinder; or
* Sphere.
Next, enter the tank’s dimensions. If it
isacylinder, enter any two of the

following three values: (a) diameter,
(b) length, or (c) volume. If itisa

Tank Size and Orientation
Select tank type and

orientation: Sphere
Vartical cplisder

Horizontsd cybadaor

)

o i~ .’

Enter two of three values:

——dmir———e

. , . diameter |a
sphere, enter either the tank’s diameter L & feet  © meters
or its volume. ALOHA will compute g o (B
and display values for the remaining T NARSIE 600 £ galions B fedfect
dimensions. VVolume refersto the total
volume of the tank, rather than the Ecor=(| =]

volume of chemical within the tank.

Chemical State and Temperature. Next you'll need to specify the state and temperature of the
chemical in the tank. How the chemical is stored affects how the chemical may escape from the tank (asa
pure gas, an unpressurized liquid, or aliquefied gas).

Click the button corresponding to one of the following options:

» Tank containsliquid. Choose thisoption if thereisany liquid in the tank, even if it'sjust a small
amount.

» Tank contains gas only. Choose this option if you know that the tank contains only gas, with no
liquid present.

* Unknown. Choose this option if you don’t know the chemical’s state.

Chemical State and Temperature

Enter state of the chemical: Help |
@ Tank contains liquid
" Tank contains gas only
" Unknown

Enter the temperature within the tank: Help |

@ Chemical stored at ambient temperature

" Chemical stored at FBI] degrees &F ¢

Cancel I
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Next, to enter the temperature within the tank, either:

» Click Chemical stored at ambient temperature, if the chemical is stored at the temperature of the
surrounding air (you entered the air temperature when you entered atmospheric information), or

» Enter the storage temperature in the tank temperature data field (if the tank is at a different
temperature), and indicate its units.

Whether aliquid is stored in atank at atemperature above or below its boiling point greatly affects how it
will escape through atank rupture or leaking valve. If the liquid is stored below its boiling point, it will
flow out of the tank, and form a puddle on the ground. If the liquid is stored above its boiling point, the
pressure within the tank will be greater than atmospheric pressure. When such atank is punctured, the
liquefied gas contents may escape as a two-phase mixture of gas and aerosol. The rate of release can be
significantly greater than the rate of release of an unpressurized liquid.

Liquid in a tank. Whenever you indicate to ALOHA that atank contains liquid (by clicking Tank
contains liquid when you are asked to identify chemical state), you will need to identify the amount of
chemical in the tank in any of four ways. mass of chemical, liquid volume, percent full by volume, or
height of liquid level in the tank. Choose to:

» Typethe mass of the chemical in the tank (this should be the total mass of the liquid and its vapor in
the tank);

» Typethe volume of theliquid in the tank and indicate its units;

» Typeyour best estimate of the percent of the tank volume that is taken up by liquid as % full by
volume; or

» Usethe scroll bar next to the tank diagram to indicate the approximate height of the liquid level in
the tank. Scroll up or down to position the horizontal bar on the diagram to indicate the liquid height.
(If possible, check for a condensation line on the outer tank wall to get an estimate of theliquid level
within the tank.)

Liquid Mass or Yolume

Enter the mass in the tank OR volume of the liquid

q

p

The mass in the tank is: |”32 @ tons{2,000 Ibs)
" kilograms
OR

Enter liquid level OR volume =
@ gallons

- The liquid = Ic feet
[ volume is: (500 " cubic fee

" liters

" cubic meters

{100 9% full by volume

~|
Cancel Help
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Gas in atank. Whenever you indicate to ALOHA that atank contains only gas (by clicking Tank
contains gas only when you are asked to identify chemical state), you will need to type either the tank

pressure or the amount of gasin the tank.

Mass or Pressure of Gas

The tank pressure is :f‘| ]

OR

Enter either tank pressure OR amount of gas

" mmHg
* atm

" psia
C Pa

The amount of gas is : |40.7

| OK Fl Cancel |
A

" pounds

" tons[2000 Ibs)
" cu ft at STP
" cum at STP

kilograms

Help |

Type avaue for either the tank pressure or the amount of gas (either as mass or as volume at the Standard
Temperature and Pressure of 1 atmosphere and 0°C), then select appropriate units. Click OK. If you enter
avaluefor tank pressure, ALOHA will automatically estimate the massin the tank. Once you have entered
valuesfor tank size, temperature, and either pressure or amount of chemical, ALOHA will check to be sure
that the chemical isagas. If the tank temperature is below the chemical's boiling point, or if the tank

pressure is high enough to liquefy the chemical, ALOHA will warn you that your chemical isnot agas. If
this happens, click Cancel to return to the previous dialog box, click Tank contains liquid, then continue.

Chemical of unknown state in a tank. If you are
unsure whether achemical inatank isagasor liquid (and
you clicked Unknown when asked to identify chemical
state), you will need avalue for the total mass (weight) of
chemical in the tank in order to run ALOHA. ALOHA uses
this value, along with information about the chemical’s
properties and the temperature in the tank, to predict the
chemical’s state and the amount of chemical that could be
released. Typein the mass of chemical in the tank, then
select units of pounds, kilograms, or tons.

Mass of Chemical in Tank

For a chemical of unknown state,
the chemical mass is required

The amountof " pounds
chemicallngg 62 @ tons(2,000 Ibs)
" kilograms

Cancel | Help |
X
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Type of Tank Failure. When you use the Tank source with aflammable chemical, ALOHA will ask
you to specify the type of release. Select one of these three options:

When you use the Tank source with a
nonflammable chemical, ALOHA will
automatically select the leaking tank (not
burning) option and the toxic gas output
(the only options for a nonflammable
chemical). Although both flammable and
nonflammable liquefied gases can be
involved in BLEVES, ALOHA only
models flammable liquid BLEVES.

If you choose either of the first two
scenarios, you will need to enter

Leaking Tank (Not Burning): If aflammable chemical escapes from atank and does not
immediately burn, either the chemical will go directly into the air or it may form an evaporating
puddle (depending on the storage conditions). In either case, a flammable vapor cloud will form.
ALOHA can predict three possible hazardous outcomes: the toxic area of the vapor cloud, the
flammable area of the vapor cloud (where igniting the cloud would cause aflash fire), and the
overpressure (blast force) from avapor cloud explosion.

Leaking Tank (Burning): When aflammable liquid forms a burning puddle it is called a pool fire.
When aflammable gas or an aerosol (two-phase flow) burns asit sprays from an opening in atank, it
iscalled ajet fire. Based on the storage conditions you specified, ALOHA will decide whether to
model the chemical asapool fire or ajet fire. Potential hazards associated with a pool fire or jet fire
include thermal radiation, smoke, and toxic byproducts from the fire. ALOHA can help you model
the thermal radiation hazard.

BLEVE (Boiling Liquid Expanding Vapor Explosion): When atank containing aliquefied gas
fails completely, a BLEV E can occur. Some of the released chemical will burn in afireball while the
remainder will form a pool fire. The amount of the chemical involved in the fireball and/or the pool
fire will depend on the conditions at the time of release. The primary hazards associated with a
BLEVE arethermal radiation, overpressure, hazardous fragments, smoke, and toxic byproducts from
the fire. ALOHA can help you model the thermal radiation hazard.

Type of Tank Failure

Scenario:
Tank containing an unpressurized flammable liquid.

Type of Tank Failure:

@ Leaking tank, chemical is not burning and forms an evaporating puddie
" Leaking tank, chemical is burning and forms a pool fire

" BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from flammable chemical which is not burning as it leaks
from tank:

- Downwind toxic effects

-Vapor cloud flash fire

information about the type of leak,
beginning with the Areaand Type of Leak
dialog box. If you choose the BLEVE
scenario, you may need to enter
information about the fireball in the
BLEVE Percent Massin Fireball dialog
box.

- Overpressure [blast force) from vapor cloud explosion

Cancel Help

Y
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Percent Mass in Fireball. Whenyoumodel aBLEVE in ALOHA, itisassumed that part, or al, of the
chemical formsafireball, while the remainder burns as a pool fire. You can choose to either (a) estimate
the percent mass of chemical in the fireball, or (b) enter the tank pressure or temperature and let ALOHA
estimate the percent mass of the fireball.

BLEVE Percent Mass in Fireball

BLEVE / Fireball Scenario:
The higher the internal tank pressure [or tank temperature) at the time of tank failure,
the larger the fireball. Any liquid not consumed by the fireball will form a pool fire.

Enter one of the following:

 Percentage of mass in the fireball: [55.1 % - 100%)
100| %

" Pressure inside the tank at time of failure:
61.5

~ psia " mmHg

" atm " Pa

" Temperature inside the tank at time of failure:

['I'I'I.d degrees

1 OK [l Cancel i Help i

If you know the tank pressure or temperature at failure, enter either value and let ALOHA calculate the
percentage of mass in the fireball. However, pressure and temperature are often difficult to determine. If
you don’'t know those values, you can specify the percentage of massin the fireball.

The percentage mass in the fireball must be greater than the minimum value supplied by ALOHA and no
more than 100%. Choosing 100% will usually give you the worst-case scenario with the largest thermal
radiation hazard. Based on the pressure and temperature of the tank at storage, ALOHA calculates the
minimum amount of mass that would have gone into the fireball if the container failed at the storage
conditions. Note: If all of the mass goesinto thefireball at storage conditions, ALOHA will
automatically use 100% and skip thisdialog box. ALOHA displays the allowable range above the
percentage massin fireball value box.

The amount of chemical in the fireball will depend upon the pressure inside the tank when it ruptures. As
the chemical is heated, the internal pressure in the tank increases—the higher the temperature, the higher
the pressure, and the greater the size of the fireball. (Properly functioning relief valves may help limit the
tank pressure and the size of the fireball.)
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Both the nature of the chemical and the tank construction affect the size of the fireball. Tanks holding
liguefied gases are designed to withstand high pressures and therefore pose a greater risk of aBLEVE. For
typical propane tanks, the internal tank pressure under normal storage conditionsis already high enough
that 100% of the released chemical would form afireball; no poal fire would form. While flammable
liquids are typically stored in vessels less capable of withstanding high internal pressures, fireballs have
been generated by the heat-induced rupture of such tanks.

When you model aBLEVE in ALOHA, three times the amount of the flammable chemical that flash-boils
during the BLEVE is assumed to form afireball, which includes both the chemical that flash-boiled and
the chemical that was sprayed out as an aerosol during the explosion. The remaining liquid forms a pool
fire. When ALOHA models a BLEVE situation including both a fireball and a pool fire, it estimates the
thermal radiation from both fires; it is not necessary to run an additional Pool Fire scenario.

Area and Type of Leak. You must indicate the
shape (circular or rectangular) and size of the
opening in the leaking tank before ALOHA can
calculate the rate of release of the tank’s contents.

Area and Type of Leak

You also must SpeCIfy whether thereleaseis tshi.I[:Jc;t::iBng tthut;::th"ﬁ;: It;zlpnllutar:rrs exitringnf
through (a) asimple hole in the tank wall or (b) a

short pipe or broken valve. A holeisany kind of  —
break in the tank wall, such as a puncture or crack. SR

The area of an opening isimportant to ALOHA, but @ Circular opening  Rectangular opening

its shape is used only to compute area. ALOHA @ inches
predictsidentical release rates through circular and P —
rectangular openings, if they have the same area.

" feet

|
Opening diameter. {0.5 . .
" centimeters

" meters

If your scenario is arelease of pure gas from the Js1e3k through'a hele er shortpineivaive?

tank, when you click OK, ALOHA will estimate ¢ Hole & Short pipeivalve

the rate of release of gasfrom the tank. You will see

asummary of the information that you entered, and | e |

the source strength results calculated by ALOHA.
If at least someliquid is present in the tank, you
will need to enter some more information on the
Height of the Tank Opening dialog box before
ALOHA can estimate source strength.

If the chemical is stored asaliquefied gas (aliquid at atemperature above its boiling point), ALOHA may
expect it to escape from the tank under pressure as a two-phase mixture of gas and liquid. In liquefied gas
cases, your choice of opening type can have an important effect on ALOHA's release rate computations.
ALOHA will predict ahigher release rate for atwo-phase release if you choose the hole option rather than
the short pipe/valve option. Opening type does not make a difference in a pure gas or unpressurized liquid
release case.
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Height of the Tank Opening. If thereisliquidin thetank, you must tell ALOHA where the leak
occurs on the tank. Enter avaue for the height of the bottom of the leak (whether it isahole, short pipe, or
valve) above the floor of the tank. ALOHA usesthis value to determine whether the leak is above or below
the liquid level. If an unpressurized liquid is stored in the tank and the leak is below the liquid level, the
chemical will spill out and form a puddle on the ground. It will stop spilling once the liquid level falls
below the bottom of the leak. If the leak is above the liquid level and an unpressurized liquid is stored in
the tank, ALOHA will report that no chemical isreleased. Regardless of the height of the leak, however, if
the stored chemical is stored as aliquefied gas, it will escape through the opening directly into the
atmosphere (without forming a puddle) as a two-phase flow of gas and aerosol (fine liquid droplets).

To indicate the height of the leak above the tank bottom, either:

» Typethe height of the leak in distance units;

» Typetheleak location as a percentage of thetotal distance from the bottom of the leak to the top of
the tank (for example, 90% means that the leak is 90% of the way to the top of the tank); or

» Usethe scroll bar to the right of the tank diagram to indicate the height of the leak on the tank wall.

Height of the Tank Opening

~| The bottom of the leak is:

j1.25 Cin fft Cem Cm
lig.level

above the bottom of the tank

OR

< [s0] % of the way to the top of
— . the tank

Cancel [ Help

If the chemical isan unpressurized liquid, you will need to enter some more information about the puddie
that forms.

Puddle formation. If an unpressurized liquid leaks from atank, an evapor ating puddle may be
formed. ALOHA will ask you for information about the area where the puddle will form. You will need to
enter ground type and ground temperature, just as you would if you had selected the Puddle source option
(however, in a Tank release case, ALOHA computesinitial puddle temperature for you). You will also
need to enter the maximum puddle diameter or area.

Ground type influences the amount of heat energy transferred from the ground to an evaporating puddle.
Ground type is most important when the spilled liquid is cryogenic. Cryogenic liquids, such asrefrigerated
propane, are liquids which are stored at very low temperatures because they boil at temperatures well
below ambient. Asit estimates heat transfer from ground to puddie, ALOHA assumes that the ground does
not absorb any of the spilled chemical, and that none of the chemical spilled onto water dissolvesinto the
water.
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ALOHA offersyou five choices for ground type:

» Default soil: unwetted soil not covered by rock Select ground type Help |
or concrete. © Default soil (select this if unknown)
 Concrete
» Concrete: concrete, cement, asphalt, or ¢ Sandy dry soil
otherwise pa\/ed surfaces. " Moist sandy soil
i " Water
* Sandy dry soil.
Input ground temperature Help I
* Moist Sandy SO|| ) @ Use air temperature [select this if unknown)
« Water: lakes, oceans, or other large bodies of L dQmmdtamperatirailsjon  (deg BRG ERESC
water. Input maximum puddle diameter or area Help |
@ Unknown S
Note: For ground type, descriptivetermslikedry or i :“i"‘""‘ AL & yds
. 1 aximum area 1 -~
moist refer to the state of the ground beforethe ML
chemical was spilled—that is, the amount of water Cancel |
in the sail.

ALOHA expects heat to be transferred most readily from default ground or concrete surfacesinto a puddle,
and least readily from sandy ground. The heat transfer from water is generally greater than that of any of
the other ground types.

Next, indicate the ground temperature, which influences the amount of heat transferred between the ground
and the puddle. The warmer the ground, the warmer the puddle and the higher the evaporation rate. Typein
avalue for ground temperature, and choose either Fahrenheit or Celsius degrees. If you do not know the
ground temperature, you can choose to estimate that it is about equal to the air temperature. In this case,
click Use air temperature (select thisif unknown).

Air and ground temperatures can be very different in some situations, such asin a parking lot on a hot day
late in the afternoon, or on a street during the early morning after a very cold night. Be sure to estimate air
and ground temperatures carefully in such situations.

The last piece of information ALOHA needsis the maximum puddle area or diameter. If there are no
barriersto prevent a puddle from spreading, click Unknown. For spills on land, ALOHA will expect the
puddle to spread until it reaches an average depth of 0.5 centimeter (about 0.2 inch) up to a maximum
diameter of 200 meters (220 yards). For spills on water, ALOHA will expect the puddle to spread until it
reaches an average depth of 0.17 centimeter (about 0.07 inch). Unlike spills on land, there is no maximum
diameter for spills on water. If thereis abarrier to liquid flow (such as a containment or diked area), then
type the approximate diameter of the barrier or areathat it encloses. Select appropriate units, and click OK.

If an unpressurized liquid leaks from atank and
forms a burning puddle, you only need to enter the

Maximum Puddle Size

Input maximum puddle diameter or area Help I

maximum puddle area or diameter because ground % Uaknown -
type and ground temperature do not affect pool fire { Aduoande dandteris — © ':,.,5
calculations. Note: ALOHA does not model pool £ AMadmunorca :  meters
fires on water. Cancel

|
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Gas Pipeline

In the SetUp menu, point to Sour ce, then select Gas Pipeline. Choose the Gas Pipeline source option to
model the release of agas from aleaking gas pipeline. (If the chemical is flammable, the release can be
modeled as ajet fire aswell.)

SetUp
Chemical. ..
Atmospheric
Source

Ctrl+H

Calculation Options...

Direct... Ctri+D
Puddle. .. Ctri+U
Tank... Chrl+T

Gas Pipeline... Ctrl+I

You can use ALOHA to model two types of gas pipeline leak scenarios:

A pipeline connected to avery large (infinite) reservoir, so that gas escapes from the broken end of
the pipeline at a constant rate for an indefinite period of time; or

A finite length of pipelinethat is closed-off at the unbroken end (for example, by a shut-off valve).
Because the pressure within this section of pipe declines as gasis released, release rate drops over
time, and the release continues only until the finite length of pipeis emptied. ALOHA cannot

model gas release from a pipe that has broken in the middle and isleaking from both broken

ends.

Pipe source inputs. To describe a Gas Pipeline release to ALOHA, type the pipe diameter and length,
indicate whether the pipe is connected to areservoir, indicate whether the inner pipe surface is smooth or
rough, type pipe pressure and temperature, and type the area of the hole (if the pipeis of finite length).

Pipe diameter and length. Usethe inner

cemete of thepipe. The ppe ength must be

least 200 times the diameter of the pipe.

Pipe connection. Indicate whether the pipeis
connected at its unbroken end to alarge

reservoir (infinite tank source), or is closed-off.

Pipe roughness. Degree of roughness of the
inner surface of the pipe. A smooth pipe would
be, for example, a new metal, glass, or plastic
pipe. A rough pipe would be, for example, a
metal pipe with arusted inner surface or a pipe
that has been corroded on the inside by the
chemicalsit carries. Rough texture causes
turbulence, which reduces the flow rate of the
gasin the pipe. A gaswill flow more slowly
through a rough pipe than through a smooth

pipe.

Input pipe diameter __Help | |
Diameteris |12 ® inches " cm
Input pipe length Help l
Pipe length is h 212 ~ ft  yds (" meters
The unbroken end of the pipe is Help |
& connected to infinite tank source
" closed off
Select pipe roughness Help |
@ Smooth Pipe
" Rough Pipe
Cancel |
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Pipe pressure. If the pipeline is connected to
avery large (infinite) reservoir, use the
pressure within the reservoir as your value
for pipe pressure. If gasis escaping from a
finite, closed-off section of pipeline, enter the
pressure within that pipe section.

Pipetemperature. Indicate the temperature
of the pipe contentsin either of two ways. (a)
click Unknown (assume ambient) if you do
not know the temperature (ALOHA will then
use the ambient air temperature), or (b) type
the temperature of the pipe’s contentsin the
pipe temperature box, then select appropriate

Pipe Pressure and Hole Size

Input pipe pressure Help |
Pressure is [53 @ psia " atm C Pa
Input pipe temperature Help |

@ Unknown [assume ambient]
 Temperature is |80| & F ol v
Input hole size Help |
* Use pipe diameter
" Hole area is [3g0 square ~ in " cm
canc |

units (either degrees Fahrenheit or Celsius).

» Holesize. If the pipeline is connected to a very large (infinite) reservoir, ALOHA assumes that the
pipe has been completely sheared-off, so that the hole diameter equals the pipe diameter. If only a
closed-off length of the pipeline isleaking, you can chooseto (@) allow ALOHA to use the pipe
diameter asits value for the hole diameter, or (b) enter avalue for the area of the hole, if the hole is
smaller in area than the pipe diameter.

Source strength information in the Text Summary. Regardless of the source option you choose,
once you have entered all necessary inputs and clicked OK on the last source strength dialog box, ALOHA
estimates source strength. It then displays the source input values you entered and the results of its
calculations in the Text Summary. For example, for non-burning sources, you might see the following
information:

e Sourcetype. A brief description of the type of source modeled, for example, Flammable gas
escaping from pipe (not burning).

» Reeaseduration. The length of time, in minutes, during which the chemical is predicted to
continue to escape into the atmosphere. If ALOHA predicts the rel ease to continue for more than an
hour, you'll see the message Release Duration: ALOHA limited the duration to 1 hour.

» Total amount released. Thisisthe amount of chemical that ALOHA predicts will be released into
the atmosphere during the hour after arelease begins (not the amount of liquid that spillsfrom atank
during that time).

Review the information you have entered as it appearsin the Text Summary, to be sure that you made no
errors when entering information. Review the source type, predicted rel ease rate, duration, and total
amount released to be sure that thisinformation seems reasonable to you. If it does not, try to obtain more
information about the release in order to more accurately model it.
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Calculation Options
Choose Calculation Options from the SetUp menu to select the type of dispersion calculation used.

Calculation Options

SetUp Select the Spreading Algorithm for Downwind
: Dispersion:
Chemical... Ctrl+H
Atmospheric > @ Let ALOHA decide [select this if unsure]

" Use Gaussian dispersion onl
Source » . /

Calculation Options...

" Use Heavy Gas dispersion only

Cancel Help

You can choose from among three dispersion cal culation options:

1

Let ALOHA decide. When you select this option, ALOHA automatically chooses whether to
predict the dispersion of achemical as a Gaussian (neutrally buoyant) or heavy gasrelease. It bases
this choice mainly on molecular weight, size of the release, and temperature of the gas cloud. By
default, this option remains selected unless you choose a different option. When “Let ALOHA
decide” is selected, if ALOHA's chemical library does not include values for all physical properties
of your selected chemical necessary to make heavy gas dispersion calculations, ALOHA will use
Gaussian dispersion calculations to predict threat zone size.

When a chemical with amolecular weight less than that of air has been stored at alow temperature
or under high pressure, it can behave like a heavy gas (ammoniais an example of such achemical).
If you have chosen one of these chemicals and have chosen the Direct source option, ALOHA may
not have enough information about the release to determine whether a heavy gas could be formed.
In such acase, ALOHA will make Gaussian calculations, but will alert you that you should try
running the heavy gas model aswell.

y Note !

This chemical may flash boil andfor result in
two phase flow. Use both dispersion models
to investigate its potential behavior.

|

|

Use Gaussian disper sion only. Choose this option if you know that the escaping gas cloud is
approximately neutrally buoyant (about as dense as air). ALOHA will use the Gaussian equation to
predict the spread of the cloud. Avoid using ALOHA’s Gaussian model to predict how alarge heavy
gas cloud will disperse. Large gas clouds that are denser than air (heavy gases) dispersein avery
different way than this model would predict. They are affected by gravity and other forces besides
wind and turbulence. Asthey move downwind, they remain much lower to the ground than
neutrally buoyant clouds, and flow like water. Ground-level concentrations within such clouds may
reach much higher levels at some |ocations than the Gaussian model would predict.
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3.  UseHeavy Gasdispersion only. Choose thisoption if you know that the cloud is heavier or denser
than air. You will be alerted if ALOHA does not have enough property information to make heavy
gas calculations for your selected chemical. To see alist of the properties needed for heavy gas
calculations, check Table 5-1. (To view the property valuesin thelibrary for your selected chemical,
choose Chemical from the SetUp menu, then click M odify.) When you choose Use Heavy Gas
dispersion only, ALOHA will predict the dispersion of the pollutant using the heavy gas
computations.

Typically, when the atmosphere is most unstable (stability classes A and B), heavy gasthreat zoneswill be
longer than Gaussian threat zones. When the atmosphere is most stable (stability classes E and F),
Gaussian threat zones will be longer. Under neutral (C and D) conditions, heavy gas and Gaussian threat
zones will be similar in length.

Display menu

Select items from the Display menu to indicate the ALOHA results that
you would like to see and how you would like the information to be Display
displayed: Threat Zone...  Ctrl4+F

- Threat At Point... Ctri+R
« Choose Threat Zone, Threat at Point, Text Summary, and/or IRALAR PR, S

Sour ce Srength to display the corresponding windows. Text Summary  Ctrl4+K

. . , . Source Strength  Ctrl+G
» ChooseTile or Sack to organize ALOHA's windows on your

screen. Tile Windows

. . . . Stack Windows
» Choose Display Optionsto have ALOHA's output displayed in

either English or metric units. Display Options... Cri+Y

Threat Zone

Choose Threat Zone from the Display menu to have ALOHA create athreat zone plot, where up to three
hazard levels are plotted based on your Levels of Concern (LOC). Once you select Threat Zone from the
Display menu, you must specify one or more LOCs.

Note: For flammable vapor clouds, ALOHA can model three different hazards (toxic area, flammable area,
and blast areaq). If you are modeling a flammable vapor cloud (or a situation where such a cloud might
form), aHazard To Analyze dialog box will appear after you choose Threat Zone from the Display
menu. In this dialog box, you must first select the hazard that you want ALOHA to model before you can
choose your LOCs. Additionally, if you select blast area from avapor cloud explosion, you will haveto
complete the Vapor Cloud Explosion Parameter s dialog box before you can choose your LOCs.
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Level of Concern. A Level of Concern (LOC) isathreshold value of a hazard (toxicity, flammability,
thermal radiation, or overpressure); the LOC is usually the value above which athreat to people or
property may exist. You may keep ALOHA's default values as your LOCs, or you may choose up to three
of your own LOCs. For each LOC you choose, ALOHA estimates athreat zone where the hazard is
predicted to exceed that LOC at some time after arelease begins.

You may designate LOC valuesin one of three ways:
* Use ALOHA'sdefault LOC choice.
» Usethe LOC pulldown menus to choose another LOC from the list.

» Select User specified from the LOC pulldown menu and enter your own temporary LOC value and
select the appropriate units.

Note: You can add your own default Toxic LOC for any pure chemical in ALOHA's chemical library.
ALOHA will then use your LOC by default rather than its Toxic LOC defaults for the selected chemical.
To permanently add your own default LOC, choose Chemical from the SetUp menu, click to highlight the
name of the chemical inthelist, then click M odify. Inthelist of physical properties, click Default L evel of
Concern, then typeyour LOC valuesinthe*Default LOC Value- 1, - 2, -3” boxes. Choose the appropriate
units (either parts per million or milligrams per cubic meter), then click OK.

For toxic releases, there are several hazard classification systemsin use. Some chemicals have not been
classified in every system. ALOHA determines its default toxic LOC values based on the following
hierarchy of well-known LOCs:

1. AEGL
2. ERPG
3. TEEL
4. IDLH

Note: For AEGLSs, ERPGs, and TEELSs, therank number increases with the hazard level, so that
AEGL-3ismore hazardousthan AEGL-1. Typically, the“-3" values are used for the most
hazardous (red) threat zones because they represent the threshold concentr ation above which health
effects may belife threatening.

Vapor Cloud Explosion Parameters. The severity of avapor cloud explosion depends on many
factors, including the chemical, the cloud size at the time of ignition, the type of ignition, and the
congestion level in the flammable area of the vapor cloud. Before ALOHA can generate athreat zone plot
for avapor cloud explosion, you must complete the Vapor Cloud Explosion Parameters dial og box.

Begin by filling in theignition time. The ignition time represents the length of time that the cloud mixes
with the air around it and becomes diluted in concentration. Therefore, the amount of the vapor cloud that
is between the Lower and Upper Explosive Limits (LEL and UEL) will depend on the ignition time. Enter
the time in minutes or seconds. If you do not know the ignition time, ALOHA allows you to choose an
unknown ignition time option.
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If you choose the unknown ignition time option, ALOHA will run explosion scenarios for arange of
ignition times that encompass al of the possible ignition times for your scenario. ALOHA takes the results
from all of these scenarios and combines them on a single threat zone plot. The threat zonein this case
does not represent the blast area from a single explosion, but rather the composite of potential blast areas
for al of the different ignition time scenarios that ALOHA ran.

Note: If you are modeling an instantaneous release from a Direct source, ALOHA models the chemical
release for 60 seconds. If you choose an ignition time less than 60 seconds, not all of the chemical will be
released prior to the explosion.

Vapor Cloud Explosion Parameters

Time of vapor cloud ignition: Help I'

" unknown [show composite threat zone from all possible ignition times)

@ known, ignition time is :

I * inut
3 L) after the beginning of the rel

" seconds

Type of vapor cloud ignition: Help

@ ignited by spark or flame
" ignited by detonation

Level of congestion : Hel [
[in the flammable part of the vapor cloud) P

" congested, difficult to walk through [e.g. pipe rack, dense forest]
@ uncongested, easy to walk through [e.g. residential neighborhood]

Cancel

Next, choose the ignition type. The type of ignition source has a big influence on the severity of the
explosion. Accidental explosions are most often triggered by common ignition sources, such as sparks,
flames, heat, and static electricity. Accidental explosions are generally deflagration explosions. Explosions
that are triggered by detonation (usually by a high-power explosive device) are detonation explosions,
which are far more damaging than deflagration explosions. Under rare circumstances, an accidental
explosion can be triggered by a common ignition source and still become a detonation explosion.

If you know the ignition type, choose the appropriate option. If you are using ALOHA for planning
purposes, consider modeling both types of ignition. Choose the ignited by spark or flame option if you
want to model atypical accidental explosion. Choose the ignited by detonation option if you want to
model an intentional explosion or aworst-case accidental explosion.

Finally, choose the congestion level within the magjority of the vapor cloud. Congestion refers to the
density of obstacles that generate turbulence. Obstacles of this nature are generally small, like a shrub, and
do not impede the flame front. Larger objects, like a building, can impede the flame front, so they should
not be considered obstacles for the purposes of congestion. Greater turbulence alows the flame front to
accelerate, thereby generating a more powerful blast wave (i.e., greater overpressure).
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ALOHA uses two congestion levels: congested and uncongested. Generally, a congested zone has so
many closely spaced obstacles that it is difficult or impossible to walk through it. It is uncommon for this
level of congestion to be found throughout the entire vapor cloud. However, pipe racksin industrial
facilities and some forested areas (where the trees and branches are closely spaced) may be characterized
as congested areas. Uncongested zones include: parking lots, open fields, suburban neighborhoods, and
most urban environments.

Choose the level of congestion (congested or uncongested) in the flammable area of the vapor cloud—that
is, the part of the vapor cloud where the concentration is between the LEL and UEL. If there is more than
one congestion level in the flammable area of the vapor cloud, choose the level that best represents the
majority of the area. Click OK. An Overpressure Level of Concern dialog box appears.

Threat zone plot. Onceyou have entered all necessary information about arelease and chosen an LOC,
ALOHA will display athreat zone plot based on the LOC(s) that you specified. If three LOCs are chosen,
ALOHA will display the threat zonesin red, orange, and yellow, overlaid on asingle plot. By default, the
red zone represents the worst hazard. (The pattern of dots also varies for each threat zone so that you can
differentiate between the zones if you are color blind or the plot has been printed in black and white.)

M Toxic Threat Zone J @@
wiles
0.75
=T TN
— \
// \
0.25 ]||
0 s, >
N |
0.25 f
\‘\-\.
- /
—
—t
0.75
0.5 o g.5 1 1.5 2
miles
[ »>= 1000 ppm = ERPG-3
>= 150 ppm = ERPG-2
D »= 50 ppm = ERPG-1
— Confidence Lines

On ALOHA's threat zone plot for al dispersion scenarios, the dashed lines along both sides of the threat
zone represent uncertainty in the wind direction. The wind rarely blows constantly from any one direction.
Asit shiftsdirection, it blows the released chemical in a new direction. The “uncertainty lines’ around the
threat zone enclose the region within which, about 19 out of 20 times, the chemical cloud is expected to
remain. The lower the wind speed, the more the wind changes direction, so as wind speed decreases, the
uncertainty lines become farther apart. They form a circle when wind speed is very low.
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Interpreting a threat zone. ALOHA'sthreat zone estimate representsits “best guess’ of what will
happen downwind of achemical release. It’s not an exact prediction of just where the gas cloud will travel
and how large it will be. Asyou examine any threat zone plot, remember the many uncertaintiesinvolved
in trying to predict the effects of a chemical release:

»  When you enter information into ALOHA, you often have to guess at some of the necessary inputs.

» Many thingsthat happen by chance—such as unexpected changesin wind speed or direction during
arelease—can influence how a gas cloud disperses, but are not accounted for in ALOHA's
computations.

» Although ALOHA isarelatively complex computer program (it contains thousands of lines of
computer code), reality is much more complex. ALOHA makes simplifying assumptionsin order to
make its predictions. Try to identify ways in which reality may be different from what ALOHA
assumes. For example, ALOHA expectsthe terrain under a dispersing gas cloud to be flat and free of
obstacles, but in the real world, that's rarely the case.

Treat any threat zone plot as a“ballpark estimate,” and always use it along with—never instead of—your
own judgment, experience, and observations, when you make response or planning decisions.

Displaying threat zones in other applications. Threat zones can aso be overlaid on electronic
maps displayed in ALOHA’s companion mapping application, MARPLOT.

You can also import an ALOHA threat zone plot into either of two Geographic Information System (GIS)
products manufactured by ESRI: ArcView and ArcMap. To import athreat zone plot, you will need to
download and install the appropriate plugin from NOAA's Office of Response and Restoration Web site:
http://response.restoration.noaa.gov/cameotoolkit.

Threat at Point

Once you have displayed a hazard—toxicity, flammability, thermal radiation, or overpressure—on athreat
zone plot, you can use the Threat at Point option to obtain specific information about the hazard at a point
of interest (such as a school or hospital) in or around the threat zones.

You can find the threat at a point by either:
e Selecting Threat at Point from the Display menu; or
» Double-clicking on alocation on the threat zone plot.

Note: If ALOHA was unable to generate a Threat Zone plot, you can still look at the threat at a point by
selecting Threat at Point from the Display menu.

If you select Threat at Point from the Display menu, adialog box will appear and you can define the
point where you would like to obtain athreat estimate using either of two types of location coordinates—
fixed or relative coordinates. Your choice of coordinates will affect the information ALOHA will present
to you if the wind changes direction (whether you're using a SAM, or you manually enter a new value).
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Using fixed (east-west and north-south)

Thermal Radiation Location

Coord I nates. Choose thlS Option If yOU WISh to Specify the location at which you want to evaluate the
know the hazard expected at aSpeCIfIC 1h::rmal n.al:liatinn D.ver time. .
geographical location. This could be, for example, * e N o
aschool 100 yardsto the west and 400 yardsto the ¢ Fboed Coordinates W< E

north of the release location. Thisisthe best (EastWest.North-South) s e ||

method to choose if you wish to monitor the JOpuLCE theioacs et T o

expected hazard at the school, and you are using a Y, the north-south distance

SAM to track wind speed and direction in e « feet
ALOHA. If the wind shifts direction, the results [DpUE CH (ERSUIIEest 100 s
displayed by ALOHA may change, depending on InputY: @ North " South |400) © meters
whether or not the shift in wind direction moves L AKRmEErs
the pollutant cloud closer to the school or farther ok Cancel_| Slnen |
away from it.

Using relative (downwind and crosswind) A

Coord Inates: ChOOSEthIS Optl on When yOU WISh Specify the location at which you want to evaluate the

to know the hazard expected at a position that can thermal radiation over time.

best be described in terms of its downwind and £ ﬁ;;:“:::m Sl 5 Evahia

crosswind distance from the release point. For R B, gind diection
example, suppose that you have estimated the (EastWestNorth-South) B

straight-line distance between the site of arelease Input X, the downwind SanT

and a nearby hospital to be a quarter-mile. At the e

moment, the wind is not blowing the chemical MO M SO MRRIRL A “ feet
cloud directly towards the hospital, but thewind is Input X. the downwind distance: [0.5 s
variablein direction. You wish to know the hazard Input Y, the crosswind distance: [0 meters
value you could expect if the wind were to shift © kilometers
and carry the cloud of escaping chemical directly o Q\ Cancel | Help

towards the hospital. To get that estimate, you

would use ALOHA to obtain threat at a point

results for alocation a quarter-mile downwind and with a crosswind distance of 0 miles. These results
represent the worst-case hazard levels that could develop at any point one quarter-mile downwind of the
source, should the wind shift to blow the cloud towards that point.

Note: When you use relative coordinates, ALOHA will remember the location of the point that you have
specified in terms of its downwind and crosswind distance to the source. Therefore, the geographic
location of the point that you have specified to ALOHA will move when the wind direction changes. A
point specified in this manner “follows the wind.”

If you select your Threat at Point by double-clicking on its location within the threat zone window,
ALOHA will use relative coordinates to track your location.

Threat at Point results. Once you designate alocation, ALOHA will display its estimate of the threat
at apoint either as agraph or astext. For example, if you choose to see the threat at a point for atoxic gas
dispersion scenario, ALOHA will display a Concentration at Point graph.
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The Concentration at Point graph displays ground-level chemical concentrationsin indoor and outdoor air
at the specified location during the first hour after the beginning of a chemical release. The concentrations
shown on the graph are averaged over afew minutes; they are not instantaneous val ues. Gas concentrations
can fluctuate greatly over time periods of several seconds. The maximum peak concentration can
significantly exceed the maximum averaged concentration shown on the graph.

There may be up to five lines visible on the graph. The thin red line represents the outdoor, ground-level
concentration. The dashed blue line represents concentration within a building of the type you selected. To
compute indoor concentration, ALOHA assumes that all doors and windows are closed. If applicableto
your chosen location, there may also be up to three horizontal lines (red, orange, and yellow) representing
the LOCs. The red horizontal line represents the worst hazard level.

B Concentration at Point QE
ppm
20 AEGL-3 (60 min)
1S5
10 { A
|
{ II.
5 |
5
f A AEGL-2 (60 min)
0 e D —— e e seeres AEGL-1(60 min)
1] 20 40 60
minutes
—— Outdoor Concentration
.- Indoor Concentration
At Point: Downwind: 1500 yards Off Centerline: 0 yards

In the Concentration at Point graph above, ALOHA predictsthat a cloud of chlorine gaswould arrive at the
location in about 7 minutes (that’s when the outdoor concentration line begins to rise steeply on the graph).
Notice that the indoor concentration is predicted to remain much lower than the outdoor concentration, as
long as the building’s door and windows are closed. ALOHA predicts that outdoor concentration would
exceed one LOC (AEGL-2) only briefly, but will exceed alower LOC (AEGL-1) for much longer.

The indoor concentration does not exceed any of the LOC values; however, it does approach the AEGL-1
LOC for asignificant period of time. At thislevel, people inside the building may begin to experience
notable discomfort, irritation, or other temporary effects. Bear in mind that no LOC represents an exact
line between hazardous and non-hazardous conditions, because people differ in their sensitivity to
chemicals (for example, old, sick, or very young people may be more sensitive to chemicals than healthy
adults) and other hazards. People who are more sensitive to the chemicals may experience more serious
health effects than those predicted for the AEGL-1 level, even though that level was not exceeded in the
hour after the release.

Note: ALOHA will place ablue crosshair mark on the threat zone plot to indicate the location where the
hazard is evaluated. If you have plotted the threat zones on amap in MARPLOT, ALOHA will place the
crosshair mark on the map as well.
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What if the doors and windows are open?

To estimate the rate at which pollutant gas could infiltrate into buildings, ALOHA
assumesthat all doors and windows are closed. If doors and/or windows are open, as they
might be on awarm summer day, concentrations might increase more rapidly and drop
off sooner inside buildings than ALOHA’s indoor concentration line indicates.

Text Summary

Select Text Summary from the Display menu to bring the Text Summary window forward when other
ALOHA windows appear in front of it. ALOHA's Text Summary contains information about the scenario
you are working on. Review its contents to see summaries of:

» Information that you have entered into ALOHA;

» Some basic properties of the chemical you have selected;

* Results of ALOHA's calculations;

* Messagesindicating the information that you still need to enter; and

» Additional notes describing any special circumstances that may exist.
The Text Summary window remains open whenever ALOHA is running. Review its contents periodically
asyou prepare a scenario to ensure that you have entered model inputs correctly, and to check the results of

ALOHA's calculations. Choose New from the File menu when you want to clear existing Text Summary
information before beginning a new scenario.

Source Strength

Choose Sour ce Strength from the Display menu to see either the rate at which the chemical entersthe
atmosphere or the burn rate, depending on the scenario. When you choose this menu item, ALOHA
displays agraph showing the rate (source strength) predicted for the first hour after arelease begins or until
the release is complete, whichever is shortest.

Note: ALOHA does not display a source strength graph for BLEVE scenarios.

ALOHA produces two main types of source strength estimates, depending on the type of release that you
have chosen. Source strength graphs for the two types of estimates differ in appearance.
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Constant source strength. Releaseratefor aDirect source, whether it's instantaneous or continuous,
will remain constant for the duration of the release. ALOHA expects an instantaneous release to last for 1
minute, and a continuous release to last for up to 1 hour. Graphs of either type of Direct release look like
the plot shown below.

W Source Strength (Release Rate) E”EJ@

pounds/minute

80 4
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40

20

minutes

Variable source strength. Source strength predicted by the Puddle, Tank, or Pipe source options can
change over time. For example, consider the rate of release of a pressurized gas from atank rupture.
Initially, the chemical escapes rapidly through the rupture. As the tank pressure drops, the rate of release
slows. If you model such arelease using ALOHA, you'll see aline that descends in steps on the source
strength graph.
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Source strength averaging. ALOHA predicts source strength as a series of hundreds of brief
timesteps. These values must be averaged into fewer steps so that cal culations can be completed quickly.
For releases into the atmosphere, ALOHA averages the series of timesteps into between one and five
release rates that are each for atime period of at least 1 minute. For burn rates, ALOHA averages over
timesteps lasting 20 seconds. The series of averaged steps is shown on the Source Strength graph, since
thisisthe information used to calculate the threat zones.

Tile and Stack Windows

The Tile and Stack Windows options allow you to organize the information windows on your computer
screen.

e Choose Tile Windows when you wish to see all of ALOHA's open windows at once (rather than
overlapping each other in a stack). Windows will be reduced in size and arranged in rows and
columns as necessary to fit on your screen.

» Select Sack Windows when you wish to arrange ALOHA's windows on your screen so that each
overlaps the next, with only the front window fully visible. Thetitle bars of the remaining windows
will remain visible.

You may resize or move any ALOHA window after you have chosen either option.

Display Options

Choose Display Options from the Display menu to
have ALOHA output displayed in either:

Display Options

Select Output Units:

» English units, such as pounds, yards, and © English units
mlleS, or " Metric units
e Metric units, such as grams, kilograms, [_ox 1}| Cancel | Help |

meters, and kilometers.

Click either English units or Metric units. ALOHA will display the results of its computationsin the type
of units (English or metric) that you choose. It will display input valuesin the units that you selected when
you entered the values. For example, if you entered wind speed in miles per hour (an English unit), you
will see wind speed displayed in those units on the Text Summary screen, even if you selected metric
output units.
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Sharing menu

The programs that make up the CAMEO (Computer-Aided Management of Emergency Operations)
package work together by means of the Sharing menu. Any application that can communicate with
ALOHA caninstall amenu under ALOHA's Sharing menu. A menu installed by another application into
the ALOHA Sharing menu belongs to the installing application. Both CAMEO and MARPLOT
automatically install menus under ALOHA's Sharing menu.

ALOHA automatically saves menus that other applications have placed in its Sharing menu. When you use
a saved menu that belongs to an application that is not currently running, ALOHA will start that
application so that it can carry out the specified action. You can delete a menu from the Sharing menu if
you wish (you might want to do so if you remove an application from your hard drive). To do this, choose
Edit Shared Menus from the Sharing menu, select the menu that you wish to delete, then click Delete.

Items in the Sharing menu

Two items always appear in the Sharing menu, whether or not ALOHA is sharing information with another
program:

e Choose About Shared Menusto view on-screen help information about information sharing
between ALOHA and other programs.

» Choose Edit Shared M enus to delete an application’s menu from the Sharing menu.

CAMEO menu

When CAMEOQ isrunning, a CAMEO menu appearsin ALOHA's Sharing menu. The CAMEO menu in
ALOHA's Sharing menu contains two items:

» If you have selected a chemical in ALOHA, choose Get RIDS Info to see information about this
chemical in CAMEO's RIDS (Response Information Data Sheets) database.

» Choose Goto CAMEO to start CAMEO or to go to CAMEQ if it is aready running.

About Shared Menus. ..
Edit Shared Menus...

Get RIDS Ifo
MARPLOT »

Go to CAMEOFm
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MARPLOT menu
The MARPLOT menu in ALOHA's Sharing menu contains two items:

» Choose Help to learn about information-sharing between MARPLOT, CAMEQO's mapping program,
and ALOHA.

* Choose Goto Map to start MARPLOT or to go to MARPLOT if it isaready running.

About Shared Menus...
Edit Shared Menus...

CAMEOFm »
MARPLOT 4 Help...

Go to Map

Use MARPLOT with ALOHA to display an ALOHA threat zone plot on an electronic map of your
community.

MARPLOT can display several different types of maps. It was primarily designed to use special maps
generated from TIGER (Topologically Integrated Geographic Encoding and Referencing) files, prepared
by the U.S. Census Bureau from U.S. Geological Survey base maps. TIGER files are computer-readable
geographic data bases for all U.S. states, territories, and possessions. They include digital descriptions of
features such as political boundaries, water bodies, transportation routes, and address ranges for street
segments. MARPL OT-readable maps incorporating this TIGER information can be downloaded from the
CAMEOQO download Web site (http://www.epa.gov/cameo/marmaps). Check your MARPLOT manual for
more information about obtaining and using maps.

Using MARPLOT

When ALOHA and MARPLOT are running simultaneously, ALOHA automatically installsamenuin
MARPLOT’s Sharing menu. You can choose items from this menu to indicate the location of arelease,
display an ALOHA threat zone plot on aMARPLOT map, or indicate alocation for which you would like
specific hazard information.

Choose from among the following items contained in the ALOHA submenu:
» Help: Choose Help to see adiscussion about using MARPLOT together with ALOHA.
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Chapter 5: Reference

Set Sour ce Point: First, click once on the location
of an accidental chemical release on your
MARPLOT map; thisis the source point. Next,
choose Set Source Point. ALOHA will place a
pink cross symbol at the source location. Once a
threat zone has been displayed in ALOHA,
ALOHA'sthreat zone, as well asthe wind
direction confidence lines around it, will
automatically be drawn on the map in MARPLOT.
If you already designated a Threat at Point in
ALOHA, that location will be marked by ablue
crosshair mark on the map in MARPLOT. Note: | f
you are using an older version of MARPLOT,

About Sharing...

Help...
CAMEOFm »
Set Source Point k
Set Threat Point
Delete ALOHA Objects

Go ko ALOHA

the orange threat zone will be displayed as a green threat zone by default.

Set Threat Point: Firgt, click the location on your MARPLOT map for which you wish to see threat
information. Next, choose Set Threat Point to tell ALOHA the location. ALOHA will place a
symbol at that location, then come forward to make concentration calculations and display the
Threat at Point plot. ALOHA will use fixed (east-west, north-south) coordinates to remember the

point’s position.

Delete ALOHA Objects. Choose thisitem to remove all objects placed on the map by ALOHA.
ALOHA then will no longer update the map every time it generates new information.

Goto ALOHA: Choose thisitem to bring ALOHA forward.

" MARPLOT - Prince William County, VA
File Edt View List Objects Sharing Help

EBX

~ Focus Pt: 38°47/40"N 77°36’31"W [~ 1 in = 0.07 mi |~
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Troubleshooting

Often, when you encounter difficulties while running ALOHA,, it will alert you of the
problem and suggest a solution. At other times, you may encounter a problem and not
know how to solveit. Below are some of these cases. For more ALOHA information,
check the ALOHA Web site at http://response.restoration.noaa.gov/cameo/al oha.html.

In the Text Summary, | seetank volume
estimated to be “5.2e8 gallons.” How many
gallonsisthat?

AL OHA gave me an outdoor concentration
estimatethat’s greater than 1 million parts
per million—how can that be?

ALOHA displaysitsresults in exponential
notation whenever numbers are too large to
display in decimal notation. Exponential
notation isaway of displaying a number asa
digital number multiplied by a power of 10. In
the number 5e3, for example, 5 isthe digital
number and 3 is the power to which 10 is taken.
Interpret 5e3 as“ 5 times the quantity 10 taken to
the power of 3,” which equals 5,000 in decimal
notation. Likewise, interpret 5e-3 as“5 timesthe
guantity 10 taken to the power of -3,” which
equals 0.005 in decimal notation. Interpret 5.2e8
as“5.2 times 10 taken to the power of 8,” or
520,000,000.

You have asked for a concentration estimate for
apoint very close to the source. ALOHA
“knows’ that concentrations of a pollutant are
extremely high right at the point of release and
drop off as you move downwind. It uses
equations to approximate what happensin
reality. Modelers call ALOHA a“far-field”
model because these equations much more
accurately predict events at distances of more
than afew yards from the source than very near
the source. In fact, according to these equations
concentration isinfinite at the point of release.
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Chapter 6: Troubleshooting

| want to modify a chemical, but | can’t
change some properties—they appear grey.

| am trying to model therelease of gasfrom a
gas pipeline, but ALOHA saysthe pipeistoo
short. It tellsmethat the length must be at
least 200 timesthe diameter of the pipe. What
should | do?

| am using a SAM with ALOHA. | have set
the SAM optionsusing the Atmaospheric
menu, but the Source menu is not available—
| can’t set my source.

ALOHA tellsmethat theinput valuel just
entered is not within allowable limits.

These properties are estimated by ALOHA from
other information in its chemical library. To use
different property values, add a new chemical
(use aname such as “CHLORINE-2"), then
enter new property values.

If the pipeistoo short relative to its diameter,
and its diameter is greater than about 8 inches
(20 centimeters), use the Tank option instead,
selecting the configuration of a horizontal tank.
If the pipeislessthan 1 meter long and
connected to atank, you aso can use the Tank
option (in this case, select Short pipe/valve as
the type of leak). Either of these methods should
produce a conservative threat estimate.

Either the SAM has not yet been collecting data
for 5 minutes, or ALOHA has not received valid
data. Before ALOHA can estimate atmospheric
stability, it must have received data from the
SAM for at least 5 minutes. Check the Text
Summary window for a message alerting you
that either the SAM has not been transmitting for
5 minutes, or the transmitted data are not valid.

ALOHA will accept anumeric input value (that
is, avalue such as puddle area or tank hole
diameter that you enter as a number) only if itis
within a specified range. These restrictions help
to prevent you from inadvertently entering an
unrealistic input value. If you enter avalue
outside of the alowable range, ALOHA will
warn you and tell you what the limits are. You
must modify your value before ALOHA will
continue. Check ALOHA'’s on-screen help topics
for more information about ALOHA inputs.
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Chapter 6: Troubleshooting

When | changed some atmospheric
conditions, ALOHA told methat it isunable
to verify the consistency between my new
atmospheric data and the source data. Then |
had to reset the source.

| set up arelease scenarioin ALOHA, then
started MARPL OT, clicked on alocation on
my map, and chose Set Sour ce Point from the
ALOHA menu (in MARPLOT’s Sharing
menu). But | don’t see a threat zone on my
map. What’s wrong?

My computer crashed whilel had an ALOHA
threat zone plotted on amap in MARPLOT.
Now whenever | reopen themap, | seetheold
threat zone on the map, and | can’t deleteit;
MARPLOT tellsmethat the ALOHA layer is
locked.

I’'m running MARPLOT with ALOHA while
| respond to a spill. I'm also using a SAM
station to collect weather data. I’vehad a
threat zone displayed in MARPLOT for the
last half hour. I know the wind has shifted
direction but the threat zone hasn’t changed
at all. What’swrong?

ALOHA's Puddle, Tank, and Gas Pipeline
source strength calculations are affected by
atmospheric conditions. ALOHA recomputes
source strength whenever possible after you
have modified atmospheric information. In some
casesit cannot, so it asks you to reenter
information about the source. For example, by
increasing air temperature, you may cause atank
to befilled to more than 100 percent of capacity,
or apuddle’s temperature to increase above its
boiling point. In such cases, you must enter new
source information to resolve the problem.

Before ALOHA can place athreat zone on your
MARPLOT map, athreat zone plot needs to be
displayed in ALOHA. To solve your problem, in
ALOHA, choose Threat Zonefrom the Display
menu, then return to MARPLOT. You should
now see the threat zone on your map.

To delete athreat zone remaining on amap after
acrash, deletethe entire ALOHA layer (openthe
map again in MARPLOT, choose Layer List
from MARPLOT’sList menu, click on the lock
icon for the ALOHA layer to unlock the layer,
then click Delete while the ALOHA layer is
highlighted in the layer list). A new ALOHA
layer will be added next time you plot athreat
zone on the map.

Whenever you bring MARPLOT forward (so
that itswindows arein front of ALOHA's
windows), you' Il halt data transmission from the
SAM to ALOHA.. Bring ALOHA forward to
update the weather data and threat zone.
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Chapter 6: Troubleshooting

We have two computersin our office that Individual computers can come up with different
sometimesgivedifferent answersfor thesame  answers when they make the same calculations.
ALOHA scenario. In particular, different computers can round off

numbers differently as they make their
calculations. This can have avisible effect on
ALOHA's source and dispersion estimates.
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Glossary

AEGLs

Aerosol

Air dispersion model

Air exchangerate

ALOHA

Acute Exposure Guideline Levels (AEGLS) are Toxic Levels of
Concern (LOCs) that you can usein ALOHA to predict the area
where atoxic gas concentration might be high enough to harm
people. The AEGL s are under development by the National
Research Council’s National Advisory Committee on AEGLSs.
AEGLs take into account sensitive individuals and are meant to
protect nearly all people. As of October 2005, the final AEGL
values for more than 20 chemicals have been released, interim
AEGL valuesfor more than 60 additional chemicals have also
been established, and proposed AEGL values for more chemicals
are under review. The committee's abjective isto define AEGL s
for the 300+ extremely hazardous substances listed in Title 111 of
the Superfund Amendment and Reauthorization Act (the U.S.
Environmental Protection Agency offersan online list of these
substances). AEGL Web site: http://www.epa.gov/oppt/aegl/
index.htm.

Fine liquid droplets (or solid particles) suspended in agas.

A computer model that predicts the movement and dispersion of a
gasin the atmosphere.

The number of times per unit time that the volume of air within a
building is completely replaced by new outdoor air when doors
and windows are closed. Usually expressed as number of air
changes per hour.

ALOHA standsfor Areal Locations of Hazardous Atmospheres.
(ALOHA is aregistered trademark of the U.S. government).
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Glossary

Ambient saturation
concentration

Anhydrous

Atmospheric stability

The maximum concentration of vapor that could be attained in the
air in aclosed space above aliquid at ambient temperature and
pressure. If achemical has a high ambient saturation
concentration, it has a strong ability to displace air, and the
concentration of the chemical’s vapor in the air above the liquid
will be high. If it has alow ambient saturation concentration, the
vapor concentration will be low. This property changes with
temperature—alliquid at a higher temperature will have a higher
ambient saturation concentration. A chemical that isa gas at
ambient temperature and pressure has an ambient saturation
concentration of 100% (1,000,000 ppm).

Without water. A chemical shipped or stored without water, rather
than in solution, isin anhydrous form (anhydrous ammoniais a
common example).

A measure of the tendency of air to move upward or downward
within the atmosphere, generating turbulence. The atmosphere
may be more or less turbulent at any given time, depending on the
amount of incoming solar radiation as well as other factors.

M eteorol ogists have defined six atmospheric stability classes,
from A to F, each representing a different degree of turbulencein
the atmosphere. When moderate to strong incoming solar
radiation heats air near the ground, causing it to rise and
generating large eddies, the atmosphere is considered unstable.
Unstable conditions are associated with atmospheric stability
classes A and B (air has a strong tendency to move up or down,
and the atmosphere is more turbulent). When solar radiation is
relatively weak or absent, air near the surface has a reduced
tendency to rise and less turbulence devel ops. In this case, the
atmosphere is considered stable, the wind is weak, and the
stability classwould be E or F. Stability classes D and C represent
conditions of more neutral stability (moderately turbulent).
Neutral conditions are associated with relatively strong wind
speeds and moderate solar radiation.
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BLEVE

Boiling point

Burn Duration

Cloud cover

BLEVE stands for Boiling Liquid Expanding Vapor Explosion.
BLEVEstypically occur in closed storage tanks that contain a
liquefied gas, usually agasthat has been liquefied under pressure.
Although both flammable and nonflammable liquefied gases may
beinvolved inaBLEVE, ALOHA only models flammable liquid
BLEVEs.

A common BLEV E scenario happens when a container of
liquefied gas is heated by fire, increasing the pressure within the
container until the tank ruptures and fails. When the container
fails, the chemical isreleased in an explosion. If the chemical is
aboveits boiling point when the container fails, some or al of the
liquid will flash-boil—that is, instantaneously become agas. If the
chemical isflammable, a burning gas cloud called afireball may
occur if asignificant amount of the chemical flash-boils. ALOHA
assumes that any liquid not consumed in the fireball will form a
pool fire. Potential BLEV E hazards include thermal radiation,
overpressure, hazardous fragments, smoke, and toxic byproducts
from thefire.

The maximum temperature at which a substance’s liquid phase
can exist in equilibrium with its vapor phase. Above the boiling
point aliquid vaporizes completely. The boiling point depends on
achemical’s composition and the applied pressure. As pressure
increases, the boiling point of a substance also increases. The
boiling point is also the temperature at which the vapor pressure of
aliquid is equal to the applied atmospheric pressure. The “normal
boiling point” is the temperature at which aliquid under 1
atmosphere of pressure boils. The “ambient boiling point” isthe
temperature at which the chemical boils at the ambient pressure.

The length of time that a flammabl e substance burns. ALOHA
limits burn duration to 1 hour.

The fraction of the sky that is obscured by clouds. ALOHA usesa
scalein which cloud cover is measured in tenths (for example,
when half the sky is covered by clouds, the cloud cover is5
tenths).
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Glossary

Concentration

Concentration
patchiness

Congestion

Conservative

Continuous source

Crosswind

Cryogenic

The amount of achemical present in a given weight or volume of
air. In ALOHA, concentration of agasin air is expressed in units
such as parts per million (by volume) or milligrams per cubic
meter.

Distribution of a pollutant gas as patches of high and low
concentration. Especially near the source of arelease, wind eddies
push a pollutant cloud unpredictably about, causing gas
concentrations at any moment to be high in one location and low
in another. ALOHA does not account for concentration patchiness
near the point of arelease.

A concept used to quantify the way small structures within the
vapor cloud affect the severity of avapor cloud explosion.
Congestion refers to the density of obstacles that generate
turbulence. Obstacles of this nature are generally small, like a
shrub, and do not impede the flame front. Larger objects, like a
building, can impede the flame front, so they should not be
considered obstacles for the purposes of congestion. Greater
turbulence allows the flame front to accelerate, thereby generating
amore powerful blast wave (i.e., greater overpressure). ALOHA
uses two congestion levels: congested and uncongested.

An estimate that is more likely to result in threat zone and hazard
estimates that are too large rather than too small. Selecting
conservative choices for weather conditions (low wind speed and
a stable atmosphere), source strength (larger puddle area or higher
release rate), or LOC (asmall LOC) resultsin alarger threat zone.

A source that releases gas into the atmosphere at a constant or
near-constant rate for an extended period of time.

Perpendicular to the wind.

Relating to processing or storing substances at very low
temperatures. For purposes of ALOHA, the use and storage of
gases liquefied by refrigeration.
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Daylight savingstime

Deflagration
explosion

Density

Detonation explosion

DIPPR data

Direct source

Dispersion

At most U.S. locations, daylight savingstimeis put into effect
each spring when local standard time is advanced by 1 hour (the
time is moved back 1 hour in the fall to become standard time
again). When you select aU.S. location, ALOHA automatically
switches between standard to daylight savings time for you when
necessary, depending on the date that you enter. You must
manually make this switch for locations outside the U.S.

An explosion where the flame front travels relatively slowly
(subsonic speeds), as compared to a supersonic detonation.

Theratio of the mass (weight) of a substance to the volume it
occupies. For example, if 1 cubic foot of a substance weighs 10
pounds, its density is 10 pounds per cubic foot.

An explosion where the flame front travel s at supersonic speeds as
a shock wave. Explosions of this nature are often triggered by a
high-power explosive device. Typically, detonation explosions are
significantly more damaging than deflagration explosions.

Values for physical properties compiled by the Department of
Chemical Engineering of Brigham Young University for the
Design Institute for Physical Property Data (DIPPR) of the
American Institute of Chemical Engineers. These values are
included in ALOHA's chemical library for more than half of the
chemicalsin the library. DIPPR Web site: http://dippr.byu.edu.

Choose this source option when you know, or can estimate, either
the amount of pollutant gas entering the atmosphere or its rate of
entry (i.e., evaporation rate).

For ALOHA's purposes, the process by which a cloud of pollutant
gas spreads out into the atmosphere, mixing with the air and
eventually becoming diluted to below hazardous levels.
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Eddies

ERPGs

Exponential notation

Fireball

Flammable

Parcels of air of various sizes that leave their normal position
within an otherwise orderly, smooth flow. For example, air that
encounters an obstacle must go over or around it. This changein
the direction of air flow often causes “swirls’ of air, or eddies, to
tumble off the back of the obstacle. Impediments to airflow
ranging from simple friction (grass) to larger obstacles (buildings)
can cause eddiesin avariety of sizesto form.

The Emergency Response Planning Guidelines (ERPGS) are Toxic
Levels of Concern (LOCs) that you can usein ALOHA to predict
the area where a toxic gas concentration might be high enough to
harm people. The ERPGs were devel oped by the ERPG
committee of the American Industrial Hygiene Association. The
ERPGs were developed as planning guidelines, to anticipate
human adverse health effects caused by exposure to toxic
chemicals. The ERPGs are three-tiered guidelines with one
common denominator: a 1-hour contact duration. Each guideline
identifies the substance, its chemical and structural properties,
animal toxicology data, human experience, existing exposure
guidelines, the rational e behind the selected value, and alist of
references. ERPG Web site: http://www.aiha.org.

ALOHA displaysitsresultsin exponential notation whenever
numbers are too large to display in decimal notation. Exponential
notation isaway of displaying a number as adigital number
multiplied by a power of 10. In the number 5e3, for example, 5is
the digital number and 3 is the power to which 10 is taken.
Interpret 5e3 as “5 times the quantity 10 taken to the power of 3,”
which equals 5,000 in decimal notation.

A burning and expanding gas cloud formed during aBLEVE of a
flammable chemical. The fireball is made up of both the chemical
that flash-boils when the tank fails and the chemical that sprays
out as an aerosol during the explosion. The primary hazard
associated with afireball isthermal radiation.

Easy to ignite and burns readily. The U.S. Department of
Transportation defines flammable liquids as those liquids that
have aflash point below 100°F (37.8°C).
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Flammable area

Flash fire

Flash point

Flash-boail

Footprint

Freezing point

The part of aflammable vapor cloud where the concentrationisin
the flammable range, between the Lower and Upper Explosive
Limits (LEL and UEL). The flammable areawill burn rapidly
when ignited because that portion of the cloud is already pre-
mixed to the right mixture of fuel and air for burning to occur.
Following the rapid burning, the part of the cloud where the fuel-
air concentration is above the UEL may continueto slowly burn as
air mixes with the cloud.

When a flammable vapor cloud encounters an ignition source, the
cloud can catch fire and burn rapidly in what is called aflash fire.
Possible hazards associated with a flash fire include thermal
radiation, smoke, and toxic byproducts from the fire. ALOHA will
predict the flammable area of the vapor cloud—that is, the area
where aflash fire could occur at some time after the release.

Minimum temperature at which aliquid’'s vapor pressureis
sufficiently high to produce a flammable mixture with air above
the liquid.

The sudden vaporization of aliquid. This occurs most often when
achemical isagas at standard temperature and pressure, but is
stored as aliquid under pressure. If the storage container ruptures,
the sudden reduction in pressure can cause the liquid to boil
violently (“flash-boil”) and the tank contents to foam up, filling
the tank with a two-phase mixture of gas and liquid.

See Threat zone.

Also, melting point. The temperature at which the solid and liquid
phases of a substance exist in equilibrium. The freezing point
depends on the chemical composition and the applied pressure.
The “normal freezing point” is defined at a pressure of 1
atmosphere. For example, the normal freezing point of water is
0°C (32°F).
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Fuel reactivity

Fumes

Gas(es)

Gaussian

GMT

A characteristic of achemical that rates the tendency of the flame
front to accelerate when a vapor cloud burns. The reactivity
ratings are related to the speed of the flame front when thereis no
turbulence (laminar burning velocities).

Dense, smoke-like vapors given off by fuming materials such as
very reactive liquids, gases, or molten metals (for example,
concentrated hydrochloric acid or sulfur monochloride). Fuming
corrosive materials produce dense, choking, smoke-like clouds on
contact with the moisture in air. Some liquefied gases that react
with water when they evaporate (such as anhydrous hydrogen
fluoride and anhydrous hydrogen chloride) also produce fumes.
Fumes from hot or molten metals may not have a dense, smoke-
like appearance but are hazardous, usually by inhalation.

Evenly dispersed molecules of a material at atemperature above
itsboiling point. A gas, unlike solids and liquids, does not have an
independent shape or volume (a gas expands to fill available
space, and the volume taken up by a gas depends on the pressure
exerted on it). Examples of gasesinclude oxygen, air (amixture of
nitrogen, oxygen, and trace amounts of other gases), chlorine, and
carbon dioxide.

A Gaussian curveis abell-shaped, or “normal,” probability curve
(named after a famous mathematician). ALOHA uses a Gaussian

distribution to describe the movement and spreading of a gas that

is neutrally buoyant (about as dense as air).

Greenwich Mean Time or Coordinated Universal Time. The
reference time along the prime meridian (0° longitude), which
passes through Greenwich, England.
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Ground roughness

Ground temperature

Ground type

Hazar dous fragments

Heat of combustion

Heavy gas

The roughness of the ground (over which a pollutant cloud is
moving). Degree of ground roughness depends on the size and
number of roughness elements, which can rangein size from
blades of grass to buildings. Ground roughness generates air
turbulence, which actsto mix air into the pollutant cloud and
dilute the pollutant gas. When all elseisequal, athreat zone will
be smaller when you choose alarger ground roughness value.

The temperature of the ground beneath an evaporating puddie.
ALOHA uses your value for ground temperature to estimate the
amount of heat that is transferred from the ground to an
evaporating puddie.

The physical composition of the ground beneath a puddie. The
ground type is especially important when arefrigerated liquid
spillsto form aboiling puddle. In such cases, often more of the
heat required for puddle evaporation is supplied by the ground
rather than the atmosphere.

One of the major hazards associated with any explosion.
Hazardous fragments are flying debris propelled by the
explosion’s pressure wave. Hazardous fragments come from two
primary sources: container fragments and debris from the
surrounding area.

Energy released as heat when a chemical undergoes complete
combustion with oxygen—that is, burns completely. The heat of
combustion is usually determined experimentally. The units are
expressed as energy/amount of fuel (e.g., Jkg or BTU/Ib).

A gas cloud that is denser than the air around it. There are several
reasons why a gas forms a heavy gas cloud, or behaves like a
heavy gas: 1) because its molecular weight is greater than that of
air (about 29 kilograms/kilomole), 2) becauseit is stored
cryogenically (refrigerated), or 3) because aerosols formin
sufficient quantity during a release to cause the mixture to behave

like aheavy gas.
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IDLH

I nfinite tank source

| nstantaneous sour ce

Inversion

Jet fire

The Immediately Dangerousto Life or Health (IDLH) level isa
limit originally established for selecting respirators for usein
workplaces by the National Institute for Occupational Safety and
Health (NIOSH). A chemical’sIDLH is an estimate of the
maximum concentration in the air to which ahealthy worker could
be exposed without suffering permanent or escape-impairing
health effects.

A caseinwhich agas pipelineis connected to areservoir that is so
large that gas escapes from the broken end of the pipeline at a
constant rate for an indefinite period of time.

A very short-term release. ALOHA assumes that an instantaneous
release lasts 1 minute.

An atmospheric condition in which an unstable layer of air near
the ground lies beneath avery stable layer of air above. The height
of the abrupt change of atmospheric stability is called the
inversion height. An inversion can trap pollutant gases below the
inversion height. This may cause ground-level concentrations of a
pollutant to reach higher levels than would otherwise be expected.

The type of inversion of concern for dispersion modeling is alow-
level inversion that could trap a pollutant cloud near the ground.
Sea smoke or low ground fog are good indicators of the presence
of thistype of inversion. A low-level inversion is different from
the inversion that causes smog. That type of inversionistypically
thousands of feet above the ground—much too high to affect a
dispersing gas cloud.

A jet fire, also referred to as aflamejet, occurs when aflammable
chemical israpidly released from an opening in a container and
immediately catches on fire—much like the flame from a
blowtorch. Thermal radiation is the primary hazard associated
with ajet fire. Other potential jet fire hazards include smoke, toxic
byproductsfrom thefire, and secondary fires and explosionsin the
surrounding area.
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Level of Concern
(LOC)

Liquefied gas

L ower Explosive
Limit (LEL)

M ass

Maximum Aver age
Sustained Release
Rate and M aximum
Burn Rate

A threshold value of ahazard (toxicity, flammability, thermal
radiation, or overpressure); the LOC is usually the value above
which athreat to people or property may exist. For each LOC you
choose, ALOHA estimates a threat zone where the hazard is
predicted to exceed that LOC at some time after arelease begins.

A gasthat has been liquefied by applying a high pressure or by
cooling (refrigerating) it below its boiling point. Chemicals that
are stored as liquefied gases are gases at ambient pressure and/or
temperature.

The Lower Explosive Limit (LEL), also called the Lower
Flammability Limit, is the minimum concentration of fuel in the
air needed for afire or an explosion to occur if an ignition source
is present. If the concentration is below the LEL, thereis not
enough fuel in the air to sustain afire or an explosion—it istoo
lean. The LEL is determined experimentally using standard
temperature and pressure settings. Additionally, if the fuel
concentration inthe air exceeds the Upper Explosive Limit (UEL),
then afire (or an explosion) cannot occur.

Massisaphysical property related to weight. Massis ameasure of
the amount of a substance that occupies a given space. While the
weight of a given amount of a substance is a measure of the force
by which it is attracted by gravity (and isless on the moon than on
the earth), the substance’s mass is independent of gravity.

ALOHA computes release rate from a puddle, tank, or gas
pipeline as a series of hundreds of brief timesteps. Each timestep
represents arate of release that is maintained for a particular
amount of time (timesteps are short if release rate is changing
rapidly, and longer if release rate is nearly constant).

For releases into the atmosphere, ALOHA averages this series of
many release rates into between one and five release rates that are
each for atime period of at least 1 minute. For burn rates, ALOHA
averages over timesteps lasting 20 seconds. The Maximum
Average Sustained Release Rate (or the Maximum Burn Rate, if
applicable) isthe highest of these averaged releaserates. Itis
represented by the tallest timestep on the Source Strength graph.
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Mixing

Mole

Molecular weight

Neutrally buoyant gas

Open Country

Open Water

Overpressure

Partial pressure

The process by which air is mixed into a pollutant gas cloud. This
includes both mechanical (induced by the wind passing over rough
ground) and thermal (induced by surface heating) mixing.

Amount of a substance containing 6.02 x 10% molecules. The
molecular weight of achemical isthe mass of 1 mole of that
chemical.

The sum of the atomic weights of all the atomsin the molecule
(the weight of one molecule of the chemical).

A gasthat is about as dense as air, and neither positively nor
negatively buoyant (neither rises nor sinksin air).

An area of low ground roughness, such as a parking ot or open
field.

A body of water that is large relative to the size of the pollutant
cloud that is travelling over it, such as oceans or large lakes.
Except when the wind speed is very high, Open Water is the
lowest ground roughness category in ALOHA.

Overpressure, also called a blast wave, refers to the sudden onset
of a pressure wave after an explosion. This pressure waveis
caused by the energy released in the initial explosion—the bigger
theinitial explosion, the more damaging the pressure wave.

At equilibrium, molecules move from the liquid to the gas phase at
the same rate as they return to the liquid from the gas phase. In
liquids that are mixtures of chemicals, each component vaporizes
(evaporates) at its own characteristic rate. The partial pressure of a
chemical in amixture is a measure of the concentration of that
chemical’s gas-phase moleculesin the air directly in contact with
theliquid. In most actual cases equilibrium is not reached so the
partial pressure represents the limiting value for chemical
concentration in the air.
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Particulates

Partsper billion (ppb)

Parts per million
(ppm)

Plume

Plumerise

Pooal fire

Relative humidity

Release duration

Solid particles so small that they can dispersein the air like gases
(however, unlike gases, particulates eventually “rainout,” or fall to
the ground). ALOHA does not model particulate dispersion.

Units of gas or vapor concentration in air: parts of gas per billion
parts of air. ALOHA uses parts per million (ppm). (1 ppm = 1 ppb
x 1,000)

Units of gas or vapor concentration in air: parts of gas per million
parts of air. In ALOHA, ppm is by volume, not by weight.

A cloud of pollutant gas dispersing from a continuous source. A
typical plumeisalong, cigar-shaped gas cloud.

The upward transport of a gas plume (such as smokestack gases,
which rise because they have been heated). ALOHA does not
account for plumerise.

A pool fire occurs when aflammable liquid forms a puddle on the
ground and catches on fire. ALOHA only models pool fires on
land; it does not model pool fires on water.

Thermal radiation is the primary hazard associated with a pool
fire. Other potential pool fire hazards include smoke, toxic
byproductsfrom thefire, and secondary firesand explosionsin the
surrounding area.

Theratio of the amount of water vapor that the air contains to the
maximum amount of water vapor that it could hold at the ambient
temperature and pressure. Relative humidity is expressed as a
percentage. When relative humidity is 50%, the air contains one-
half as much water vapor asit could potentially hold.

The period of time over which arelease occurs. ALOHA limits
release duration to 1 hour.
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Roughness length

Running aver age

Savefile

Serial port

Sigmatheta

Smoke

Solubility

Also, Z,. A numerical measure of ground roughness.

An average taken in consecutive, overlapping segments (e.g., the
average of thefirst five values, then the average of the second
through sixth values, then the average of the third through seventh
values, etc.).

Station for Atmospheric Measurements. A portable
meteorological measurement station that can transmit weather
datato ALOHA through a computer’s serial port.

A file containing information about a release scenario that you
have entered into ALOHA.. You can reopen and modify asavefile
in ALOHA. Choose Save from the File menu to create a save file.

A datainterface on a computer through which peripheral devices,
such as a SAM, scanner, printer, or digitizing tablet, can be
connected. ALOHA can receive westher datafrom a SAM
through a serial port.

The standard deviation of the wind direction. A SAM configured
for use with ALOHA measures changes in wind direction, then
transmits an estimate of sigmatheta. ALOHA uses this value for
sigma theta and the wind speed to estimate stability class.

A mixture of gases, suspended solid particles, and vaporsresulting
from combustion.

A measure of achemical’s ability to dissolve in water. If a
chemical is highly soluble, it will dissolve easily into water.
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Solution strength

Solutions

Source

Source height

Source Srength

Sability class

Sable

Mixtures of chemicalsin which the components are interspersed
uniformly at the molecular level are called solutions. The strength
of asolutionin ALOHA is defined as the mass of the volatile
hazardous component divided by the mass of the solution. For
example, the strength of an oleum solution is defined as the mass
of free sulfur trioxide divided by the combined mass of the free
sulfur trioxide and sulfuric acid.

Mixtures of chemicalsin which the components are interspersed
uniformly at the molecular level. ALOHA's chemical library
includes a short list of solutions. Most are solutions of an
anhydrous acid and water (e.g., hydrogen fluoride and water). In
all cases, only one component of the solution is both toxic and
volatile enough to pose an air hazard. For example, in
hydrofluoric acid (a solution of hydrogen fluoride and water) it is
the hydrogen fluoride that is the air hazard.

The vessel or pool releasing a hazardous chemical into the
atmosphere.

The distance above the ground at which a chemical is being
released.

Either the rate the chemical entersthe atmosphere or the burn rate,
depending on the scenario. A chemical may escape very quickly
(so that source strength is high), aswhen a pressurized container is
ruptured, or more slowly over alonger period of time (so that
source strength islow), as when a puddle evaporates.

See Atmospheric stability.

The atmosphere is stable when little air turbulence exists, so that
thereislittle tendency for air to be mixed into a dispersing
pollutant cloud.

173



Glossary

Sandard deviation

Sreet canyon

Sublimation

TEELSs

Terrain steering

Thermal radiation

A measure of the degree to which individual values deviate from
an average value. Computed as the sguare root of the sum of the
squared deviations divided by the number of measurements.

Standard Temperature and Pressure. Physical properties, such as
boiling point, are often expressed at standard temperature (0°C)
and standard pressure (1 atmosphere).

A street bordered along both sides by high-rise buildings that
block air movement, so that the wind and any dispersing pollutant
cloud are channeled down the street.

A frozen substance sublimates when it passes directly into the gas
phase without first becoming liquid.

Temporary Emergency Exposure Limits (TEELS) are temporary
Toxic Levels of Concern (LOCs) similar to ERPGs, and defined
by the U.S. Department of Energy for use when ERPGs aren’t
available. Unlike AEGLs and ERPGs, TEEL s are not peer-
reviewed, and are intended as temporary guidance. AEGLSs,
ERPGs, and TEEL s do not incorporate safety factors. Rather, they
are designed to represent the predicted response of members of the
general public to different concentrations of a chemical during an
incident. TEEL Web site: http://tis-hq.eh.doe.gov/web/
Chem_Safety/teel .html.

The way in which land features, such as hills and valleys, modify
the speed and direction of air flow.

Heat released during afire and explosion that may pose a hazard
to people and structures. The effects people experience will
depend on both the level of thermal radiation and the length of
time they are exposed to it.

174



Glossary

Threat at Point

Threat distance

Threat zone

Time-dependent
dispersion

Time-dependent
source

ALOHA can model one or more of the following hazards: toxicity,
flammability, thermal radiation, or overpressure. Once you have
displayed a hazard on athreat zone plot, you can use the Threat at
Point option to obtain specific information about the hazards at
points of interest (such as schools and hospitals) in and around the
threat zones.

The downwind distance along the centerline of a chemical cloud,
out to the level of concern that you set. ALOHA's threat zone
lengths, reported in the Text Summary window, are threat
distances.

Areawithin which the hazard level (toxicity, flammability,
thermal radiation, or overpressure) is predicted to exceed your
Level of Concern (LOC) at some time after arelease begins. You
may specify up to three LOCsin ALOHA. If three LOCs are
chosen, ALOHA will display the threat zonesin red, orange, and
yellow, overlaid on a single threat zone plot. By default, the red
zone represents the worst hazard.

A time-dependent value is something that changes over time.
ALOHA's dispersion predictions account for release rates that
change over time; in this sense, these predictions are time-
dependent. However, ALOHA does not account for changing
atmospheric conditions when predicting dispersion: in this sense,
its predictions are not time-dependent.

A release rate that changes over time. For example, release rate
from a pressurized tank declines over time as tank pressure drops.
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Two-phase flow

Unstable

Upper Explosive
Limit (UEL)

Urban or Forest

Vapor

Both the liquid and gas phases of a chemical sometimes can
escape together from a ruptured tank or pipeline as atwo-phase
flow. Many substances that are gases under normal pressures and
temperatures are stored under high enough pressuresto liquefy
them. For example, ammoniais agas at hormal pressures and
temperatures but is often stored under pressure asaliquid. When a
rupture or broken valve causes a sudden pressure loss in atank of
liquefied gas, the liquid boils violently, the tank contents foam up,
and the tank fills with a mixture of gas and fine liquid droplets
(called aerosol). When such a two-phase mixture escapes from the
container, the release rate can be significantly greater than that for
apurely gaseous release.

The atmosphere is unstable when substantial air turbulence exists,
so that there is a strong tendency for air to be mixed into a
dispersing pollutant cloud.

The Upper Explosive Limit (UEL), also called the Upper
Flammability Limit, is the maximum concentration of fuel in the
air that can sustain afire or an explosion if anignition sourceis
present. If the concentration is above the UEL, there is not enough
oxygen to sustain afire or an explosion—it is too rich (much like
an engine that cannot start because it has been flooded with
gasoline). The UEL is determined experimentally using standard
temperature and pressure settings. Additionally, if the fuel
concentration in the air falls below the Lower Explosive Limit
(LEL), then afire (or an explosion) cannot occur.

An area of relatively high ground roughness, such as residential
housing developments, industrial areas or forests.

The gas produced by the evaporation of aliquid (or sublimation of
asolid). For example, the gas produced when liquid water
evaporates is water vapor.
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Vapor cloud explosion

Vapor pressure

Volatility

Wind direction

Wind Rose

When a flammable chemical is released into the atmosphere, it
forms avapor cloud that will disperse asit travels downwind. If
the cloud encounters an ignition source, the parts of the cloud
where the concentration is within the flammable range (between
the Lower and Upper Explosive Limits) will burn. The speed at
which the flame front moves through the cloud determines
whether it is a deflagration or a detonation. In some situations, the
cloud will burn so fast that it creates an explosive force (blast
wave). Two primary hazards are associated with a vapor cloud
explosion: overpressure and hazardous fragments.

Vapor pressure isaproperty of aliquid. At equilibrium, molecules
move from the liquid to the gas phase at the same rate as they
return to the liquid from the gas phase. The vapor pressureisa
measure of the concentration of gas-phase moleculesin the air
directly in contact with the liquid, at equilibrium. In most actua
cases equilibrium is not reached so the vapor pressure represents
the limiting value for chemical concentration in the air.

The tendency of aliquid (or solid) to form avapor (evaporate).

The direction from which the wind is blowing.

For ALOHA's purposes, a diagram displaying recent
measurements of average wind speed and direction at alocation
when a SAM is used.

See Roughness length.
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A

accuracy, 5
advection, 6
AEGLs, 159
aerosol
definition of, 159
heavy gas, 7
jetfire, 14
Tank source, 128
air dispersion model, 5
air exchange rate, 96
air temperature, 109
ALOHA
basic organization, 1
choosing amodel, 139
duration limits, 120
Folder, 23
installing, 22
limitations of, 18-21
menu bar, 3
purpose of, 1
savefiles, 91
space requirements, 22
ambient saturation concentration, 100
anhydrous, 160
Atmospheric menu item
SAM Station, 113-118
User Input, 104-112
atmospheric stability
definition of, 160
very stable conditions, 18

atmospheric stability. See also stability class

atmospheric transmissivity, 112
autoignition temperature, 9

B

blast force. See overpressure
blast wave. See overpressure
BLEVE
explanation of, 15
fireball, 15
hazardous fragments, 15
boiling point, 161
Building Type menu item
air exchange rate, 96
choice of building, 95
surroundings, 96
Building Type menu item, 95-96
burning puddle. See pool fire
byproducts, 21

C

Calculation Options menu item, 139

CAMEO, 150

carcinogen, 101

chemical
adding to library, 103
deleting from library, 104
flammable and toxic, 9
library (ChemLib), 98
mixtures, 21
modifying library, 103
properties needed table, 102
reactive chemicals, 21, 100
selecting achemical, 99
selecting a solution, 99

CityLib, 92

cloud cover, 109

178



Index

concentration
average, 20
definition of, 162
patchiness near source, 20
Threat at Point, 146
Concentration at Point graph, 146
concentration patchiness, 16, 20
confidence lines
threat zone plot, 143
very low wind speeds, 18
confinement, 17
congested, 17
congestion, 17
conservative, 162
continuous release, 122
Coordinated Universal Time, 166
coordinates, fixed, 145
coordinates, relative, 145
Copy menu item, 91
crosswind, 6
cryogenic
definition of, 162
heavy gas, 7
Puddle source, 126
Tank source, 135

D

Date & Time menu item, 97
daylight savingstime
at non-U.S. locations, 95
at U.S. locations, 94
definition of, 163
multiple time zones, 94
deflagration explosion, 17
DEGADIS model, 7
dense gas dispersion, 7
density, 163
detonation explosion, 17
diffusion, 6

Direct source, 121-123
continuous release, 122
instantaneous release, 122
source height, 123
threat zones, 122

dispersion
choice of model, 8
dispersion modeling, 5-8
Gaussian, 6
heavy gas, 7
particulates, 21
radioactive particles, 21
stability class, 110
street canyon, 19
terrain steering, 19

Display menu, 140-149

Display Options menu item, 149

display units, 149

double-storied building, 96

E

eddies, 19, 164
Edit menu, 91
elevation, 93
English units, 149
ERPGs, 164

evaporating puddle. See puddle evaporation

Exit menu item, 91
explosion
explanation of, 11
hazardous fragments, 13
overpressure, 11
thermal radiation, 11

F

File menu, 90-91

fire
explanation of, 9
fuel triangle, 9
thermal radiation, 10
toxic byproducts, 9
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fireball, 15
fires and explosions
ALOHA scenarios, 13-17
flammable-toxic chemicals, 9
introduction to, 8-13
sources and scenarios table, 8
flamejet. Seejet fire
flame pockets, 16
flammability limits, 9
flammable area
explanation of, 16
flame pockets, 16
flammable, 164
flash fire, 16
flash point, 9
flash-boil
BLEVE, 15
definition of, 165
heavy gas, 7
flying debris. See hazardous fragments
footprint, 2
freezing point, 165
fuel reactivity, 166
fuel triangle, 9
fugitive emissions, 5
fumes, 166

G

Gas Pipeline source, 137-138
hole size, 138
infinite reservoir, 137
pipe diameter, 137
pipe length, 137
pipe length, troubleshooting, 154
pipe pressure, 138
pipe roughness, 137
pipe temperature, 138
Text Summary, 138
Gaussian
definition of, 166
dispersion, 6
GIS, 144

GMT (Greenwich Mean Time), 94, 166
Greenwich Mean Time (GMT), 94, 166
ground roughness

about, 107

choosing atype, 107

roughness length, 108
ground temperature, 127, 136
ground type, 126, 136

H

hazardous fragments
BLEVE, 15
definition of, 167
explanation of, 13
from overpressure, 11
heavy gas
definition of, 167
dispersion, 7
inversions, 112
properties needed, 102
Help Index
in Windows, 4
on aMacintosh, 4
Help, on-screen, 4
humidity, 112

IDLH, 168
ignition sources (common), 9
ignition time, 141
ignition type, 142
indoor pollutant concentration, 96, 146
infiltration rate, 96
Installing ALOHA
in Windows, 23
on aMacintosh, 23
previous versions, 22
Space requirements, 22
instantaneous release, 122
inversion, 111
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J

jetfire, 14

L

latitude, 93
Level of Concern (LOC)
default toxic LOC, 141
in Text Summary, 101
overpressure, 12
thermal radiation, 10
threat zone, 141
toxic hierarchy, 101
liquefied gas, 128, 169
L ocation menu item
adding anon-U.S. location, 94
adding aU.S. location, 93
CityLib, 92
deleting alocation, 95
modifying alocation, 95
selecting alocation, 92
sun angle, 92
longitude, 93
Lower Explosive Limit (LEL), 9, 16
Lower Flammable Limit (LFL), 16
low-level inversion, 112

M

MARPLOT
menu, 151
threat zone, 152
troubleshooting
SAM, 155
Set Source Point, 155
threat zone, 155
using, 151
Max Average Sustained Release Rate, 121
Max Burn Rate, 121
melting point, 165
Metric units, 149

N

near-field patchiness, 20
neutrally buoyant gas, 6, 7
New menu item, 90

O

office building (enclosed), 96
open country ground roughness, 107
Open menu item

planning mode, 90

response mode, 90

saved file, 90
open water ground roughness, 107
output units, 149
overpressure

damage table, 12

definition of, 170

explanation of, 11

Levels of Concern, 12

P

partial pressure, 170
particulates, 171
parts per billion (ppb), 171
parts per million (ppm), 171
patchiness (concentration), 20
piperacks, 17
planning mode, 90
plumerise, 171
plume, 171
pool fire, 14
pressure wave. See overpressure
Print menu items, 91
puddle evaporation
about, 124
air temperature, 109
cloud cover, 109
sun angle, 92
terrain, 21
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Puddle source, 123-127
area and volume of, 126
evaporating puddle, 124
ground temperature, 127
ground type, 126
initial temperature, 127
type of puddle, 124

Q

Quit menu item, 91

R

radioactive particles, 21

rainout, 171

release rate, 121

Response Information Data Sheets, 150
response mode, 90

RIDS, 150

roughness element, 107

roughness length (Zo), 108

S

SAM

choosing a SAM, 113

data codes, 113

dialog boxes, 115

radio frequency, 114

serial port, 114

sigmatheta, 117

transmitting data, 113

troubleshooting, 154

using during an incident, 114, 118
SAM Options menu

about, 115

Archive Data menu item, 116

Processed Data menu item, 117

Raw Data menu item, 117
SAM Station menu item, 113-118
Save and Save As menu items, 91

savefile
definition of, 172
opening, 90
serial port, 114
SetUp menu, 98-140
Sharing menu, 150-152
sheltered surroundings, 96
shock wave. See overpressure
single-storied building, 96
SiteData menu, 92-97
solubility, 172
solution strength
definition of, 173
entering, 99
solutions, 173
Source
about, 119
Direct source, 121-123
duration limits, 120
Gas Pipeline source, 137-138
Puddle source, 123-127
release rate, 121
sources and scenarios table, 119
Tank source, 127-136
source height, 123
source strength
about, 147
averaging, 149
constant, 148
variable, 148
stability class
about, 110
overriding ALOHA, 111
wind speed table, 111
Stack Windows menu item, 149
street canyon, 19, 174
sublimation rate, 125
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T

Tank source, 127-136
BLEVE, 132
chemical state, 129
contains gas, 131
containsliquid, 130
describing the leak, 134
fireball, 133
ground temperature, 136
ground type, 135
height of leak, 135
leaking tank, 132
liquefied gases, 128
orientation of, 129
puddle area, 136
puddles, 128, 135
size of, 129
storage temperature, 130
type of tank failure, 132
TEELs, 174
terrain (effect on puddles), 21
terrain steering, 19, 174
Text Summary
about, 147
chemical data, 100
Gas Pipeline source, 138
notes, 101
thermal radiation
burn injury table, 10
definition of, 174
Levels of Concern, 10
transmissivity, 112
Threat at Point
about, 144
fixed coordinates, 145
MARPLOT, 152
relative coordinates, 145
results, 145
threat distance
definition of, 175
example of, 51

threat zone
colors, 143
displaying in other applications, 144
flammable vapor clouds, 140
interpreting, 144
Level of Concern, 141
MARPLOT, 152
menu item, 140
plot, 143
threat zone plot, 143
Tile Windows menu item, 149
timestep, 121
toxic byproducts from fire, 9
two-phase flow
definition of, 176
heavy gas, 7
Tank source, 128

U

uncertainty lines. See confidence lines
uncongested, 17

unsheltered surroundings, 96

Upper Explosive Limit (UEL), 9, 16
Upper Flammable Limit (UFL), 16
urban or forest ground roughness, 107
User Input menu item, 104-112

V

vapor cloud explosion
congestion level, 142
deflagration and detonation, 17
explanation of, 16
ignited by detonation, 142
ignition time, 141
ignition type, 142
threat zone, 141
ventilation systems, 96
volatility, 9
volume blockage ratio, 17
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W
wind
direction, 106
eddies, 164
estimating speed, 105
measurement height, 106
one-hour duration, 20
profile, 106
stability class, 111
terrain steering, 19
very low speeds, 18
Wind Rose menu item, 118

Z

Zo (roughness length), 108
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