Session No. 11

Article I. Course Title:  Hazard Mapping and Modeling

Session 11:  Modeling Dispersion of Chemical Hazards, using ALOHA

Prepared by Dr. Erno Sajo, Associate Professor, Department of Physics and Astronomy, Louisiana State University

Time: 4 hrs


Objectives:

11.1
Define the nature of the hazards associated with the air dispersion of hazardous chemicals.

11.2
Discuss the interaction of air dispersion of hazardous chemicals with the natural environment.

11.3
Discuss the goals and objectives of air dispersion modeling of hazardous chemicals, specific to the intended user.

11.4
Outline the capabilities of the ALOHA model and discuss data requirements. 

11.5
Review available results and discuss importance to different user groups.

11.6
Discuss the application of ALOHA air dispersion model results for both planning and emergency management operations.

(See Slide 2)


Scope:

This session provides an introduction to the nature and extent of the air dispersion of hazardous chemicals and their impacts.  Methods for modeling air dispersion of chemical hazards will be examined to identify the information needed to generate an estimation of potential impact.  The session will examine the ALOHA software and how it can be used to characterize the impacts from the air dispersion of chemical hazards.


Readings: 

Student Reading:

1. National Research Council of the National Academies (2003). “User needs.” Tracking and Predicting the Atmospheric Dispersion of Hazardous Material Releases: Implications for Homeland Security. National Academy of Sciences. Washington, D.C.

2. National Research Council of the National Academies (2003). “Observational capabilities and needs.” Tracking and Predicting the Atmospheric Dispersion of Hazardous Material Releases: Implications for Homeland Security. National Academy of Sciences. Washington, D.C.

3. Hanna, Steven (2003). “Overview of atmospheric transport and dispersion modeling,”  Tracking and Predicting the Atmospheric Dispersion of Hazardous Material Releases: Implications for Homeland Security. National Research Council of the National Academies . National Academy of Sciences. Washington, D.C.

Instructor Reading:

4. ALOHA: Areal Locations of Hazardous Atmospheres. User’s manual. US Environmental Protection Agency, Chemical Emergency Preparedness and Prevention Office. March, 2004. http://www.epa.gov/ceppo/cameo/pubs/aloha.pdf. (Note: this “users” manual provide excellent displays for using the model and may be provided to students who intend on running the model)
5. Martin JR, ed. “Recommended guide for the prediction of the dispersion of airborne effluents.” American Society of Mechanical Engineers, Air Pollution Division. 3rd Edition, New York, 1979.

6. Till JE, Meyer HR. “Radiological Assessment. A Textbook on Environmental Dose Assessment.” US Nuclear Regulatory Commission, NUREG/CR-3332, Washington, DC, 1983.


General Requirements:

It is recommended that students with little or no knowledge of  basic thermodynamics and atmospheric dispersion principles acquire a general overview of this subject. Chapters I and II of Martin JR “Recommended guide …” provide this background.

It is recommended that students with little of no knowledge of elementary statistics acquire a general overview of this subject. Relevant sections of any introductory textbook in this area provide sufficient background.

This session includes a hands-on experience with, and group discussion of the dispersion modeling program ALOHA.  The instructor may want to conduct Objectives 3-4 through 3-6 in a computer lab and allow students to use ALOHA in the class.  An alternative is to demonstrate ALOHA in Objectives 3-4 through 3-6 and allow the students to view the instructors execution of the ALOHA program.  Having the instructor demonstrate the program takes less time; however conducting the class in a computer lab will engage the students in the use of this modeling program, thereby giving a direct hands-on experience.  We believe that this is extremely important, and encourage the instructor to make arrangements to conduct Objectives 3-4 through 3-6 in a computer lab environment.

Objective 11.1 - Define the nature of the hazards associated with the atmospheric dispersion of hazardous chemicals.

Requirements:

Provide a general overview of air dispersion of toxic chemicals as a hazard and why it is so critical to understand the nature and extent of chemical hazards in a local community.
I. General Overview of Atmospheric Dispersion (Student reading: 1, 2, 3; Instructor reading 4, 5) (see Slide 3)
A. The effects of atmospheric motions on suspended pollutants.

1. Wind is a manifestation of atmospheric turbulence

2. How is atmospheric turbulence influenced by 

a. Wind speed?

b. Solar input (insolation)?




c. Vertical temperature gradient?




d. Surface roughness?

B. Large size turbulence tends to steer a cloud in its entirety.

C. Small turbulences tend to tear the cloud apart.

D. Particle pollutants behave differently from gaseous pollutants. (More in J)

E. Cold or dense gas tends to sink to the ground before it lifts off due to turbulence.

F. Hot gas will rise due to its buoyancy before it levels off.

G. Gas which is neither hot nor cold nor dense is neutrally buoyant.

H. Neutrally buoyant and buoyant gases tend to spread in a Gaussian fashion.



1. What is Gaussian or Normal distribution?



2. What is a Gaussian standard deviation?

I.  A mixture of gases will disperse as a single-entity gas. The components will not separate and travel independently even if their molecular weights significantly differ.

J. Particulates and aerosols tend to settle


1. Large particles settle fast, small ones can travel long distances.


2. If present in a gas cloud, they weight down the cloud like a dense gas

K. Dispersion is different in urban vs rural vs forest environments.


1. Buildings influence the wind direction and local turbulence


2. They may be heated internally, or externally by the Sun


3. They create a local micro-meteorology


4. Exercise: Explain how dispersion is different in a forest.

II. Sources  

A. 
Industrial process accidents (see Slide 4)
1. Duration of the release may be short term (minutes to hours) or long term (days).


2. Example: Upset of chemical process, releasing the content of a reactor.


B. Transport accidents (release duration is usually short term, but may be long term)


1. Example: Tank truck accident, shearing off a flange, or catastrophic loss.

C. Routine releases of pollutants in the environment (usually long term releases)



1. Example: Fugitive emission, or stack emission of by products

D. Nuclear, chemical or biological terrorism or warfare (usually short term releases)

E. The importance of source geometry: Stack, ground level, point, area, volume

1. Volume source may be approximated as a number of point sources in a volume

2. Area source may be approximated as a number of point sources on a surface.

III. Consequences of nuclear, chemical and biological releases (Instructor reading 6) (see Slide 5)
A. The concentration (C) of the released substance has a direct bearing on health.

B. We want to calculate the concentration of the pollutants at specific sites.

C. In case of radioactive materials, we calculate doses (D).



1. Radiation dose is a measure of absorbed energy by the body

D. Concentration observed or calculated at many different sites forms a distribution.

E. A Level of Concern (LOC) is a "threshold concentration" above which a health hazard is believed to exist

F. Concentration distribution is compared to substance-specific Levels of Concern (LOC)

G. Radiation Dose is compared to regulatory standards for general populations.



1. The regulatory authority is the Nuclear Regulatory Commission (NRC)

Class Activity: Open ALOHA and use the “Help” utility to become more familiar with the concepts of LOC, and various threshold limits of concentration, such as ERPG, TEEL, TLV-TWA, and IDLH.  Define each of these terms.  Different chemicals have different LOCs.  Explain the difference in the philosophy of ERPG versus TLV-TWA. Notice that ALOHA is not applicable for radioactive material releases.

IV. The types of hazard as a result of atmospheric releases (Instructor reading 6) (see Slide 6)
A. Direct exposure via inhalation or external skin and eye contact when in plume.

B. Indirect radiation exposure from cloud if pollutant is radioactive.

C. Food and water supply may be contaminated via atmospheric removal processes

D. The way pollutants reach humans from the food and water supplies are “pathways”

E. Pathways may be terrestrial or aquatic.

F. Pathways are classified by the relationship of concentration and release rate:

1. Transitory: the concentration is directly proportional to the release rate. E.g., skin irritation by chemical cloud or external radiation from a nuclide

2. Integrating: concentration increases with continuing release and may persist beyond the end of release. E.g., build-up of chemicals in a pond, or concentration observed indoors due to infiltration.

3. Cumulative integrating: there is a second integrating process. E.g., a fish in a pond.

V. Why is it important to understand the hazard due to airborne pollutants? (Reading 1) (see Slide 7)
A. Protection of life and long- or short-term health.

B. Protection of property.

C. Increased population near chemical plants or roads having tank truck traffic.

D. Computational tools exist to better understand and describe hazards.

Objective 11.2 - Discuss the basic atmospheric dispersion processes and provide the fundamentals in meteorology to understand air dispersion 

Requirements:
This section defines the interaction of the release of toxic chemicals with the environment and the factors that influence the motion of pollutants in the atmosphere.

Remarks:
I. Meteorology of the planetary boundary layer (Reference 3) (see Slide 8)
A. Wind

1. Upper level winds versus surface winds

2. Geostrophic (a.k.a. free) wind

3. Ekman spiral

4. Fluctuations in wind speed and direction

5. Turbulence spectrum and eddy scales

Class Activity: Using reference 3, 

1. Explain why wind direction changes as function of altitude.

2. Explain how geostrophic wind is different from surface winds.  

3. Why are wind direction and speed never constant in time?  

4. How fluctuations in these give rise to turbulence?  

5. Why do turbulences vary in their size?

Hints to instructor:

1. The balance among air pressure, frictional forces (air viscosity) and the Coriolis force exerted by the Earth’s motion will make the wind direction change with altitude in a spiral like fashion. This is the Ekman spiral.

2. The predicted angle between the surface wind in the planetary boundary layer and the geostrophic wind (or free wind) is 45°.

3. Pressure changes in horizontal and vertical directions, plus varying surface roughness and surface temperature introduce constant fluctuations in wind speed and direction.


4. Fluctuations move air masses in different directions and at different rates.


5. The time scale of fluctuations will influence different sizes of air masses.
B. Vertical temperature structure and stability

1. Adiabatic lapse rate and other temperature gradients with height

2. Atmospheric stability and its relation to turbulence

3. Influence of insolation on stability

4. Turbulence typing schemes of Pasquill and Gifford (PG)

5. Temperature inversion and mixing height

Class Activity: Using the “Help” utility in ALOHA, explain how the “stability classes” are related to “turbulence”.  Why is there a higher rate of dispersion in “A” stability versus “F” stability? Under what conditions is “F” stability predominant?  When is “D” stability predominant?

Hints to instructor:

1.
Adiabatic lapse rate is the rate at which the temperature of air decreases with height (vertical temperature gradient) when there is no heat exchange between a rising packet of air and its surroundings. This is about -0.01 °C/m. The actual lapse rate observed in the atmosphere may be more or less precipitous than the adiabatic lapse rate.

2. Stability classes are introduced to parameterize atmospheric turbulence. Atmospheric stability is related to the vertical temperature gradient (or lapse rate). Adiabatic lapse rate corresponds to neutral stability, which falls into D category in the Pasquill-Gifford (PG) turbulence typing scheme, which is the most often used parameterization.

3. Class A is the highest turbulence category, while F is the lowest


4. F is predominant under nigh-time low wind conditions


5. D is predominant in cloudy windy conditions, or under heavy clouds day or night
6. Temperature inversion occurs when the temperature of the atmosphere warms with height. Sometimes the atmosphere cools with height, then suddenly reverses this trend and warms with height. The interface of cooling/warming trend presents a boundary or a cap for dispersion. The mixing height is the height of this interface. Vertical dispersion is confined by this cap.
C. Surface roughness


1. Turbulence may also be generated by friction at the Earth’s surface

2. The influence of land use: Agricultural, urban, industrial, water bodies

D. Meteorological instrumentation

1. Measuring wind speed, wind direction, and fluctuations thereof

2. Three perpendicular components of wind direction (U,V,W), and the horizontal and vertical standard deviations of wind direction (σΘ and σφ, pronounced sigma-theta and sigma-fi)
3. Temperature, relative humidity, and insolation

4. Sampling time for data acquisition, and averaging time for data processing

Class Activity: Using student reading material #2: Explain the difference between sampling wind direction for a given time, versus averaging the measured wind directions over a given time.  Explain why wind can blow not just horizontally, but vertically as well.  Explain the significance of the standard deviation in horizontal and vertical wind directions, σΘ and σφ.  Visit some source of meteorological information on the web, such as www.nws.noaa.gov.  Click on Surface Weather Observations menu and select your favorite state and city.  Does this source of information give uncertainty data or standard deviations?

Hints to instructors:

1. Sampling time is the total duration of measurement. Shorter segments of time may be used for averaging subsets of data.

2. Pressure differences exist horizontally and vertically.

3. Turbulent fluctuations will make the wind change directions over any observed time interval. Standard deviation is a measure of turbulence in the given direction.

4. Uncertainty data in terms of standard deviation is not normally listed in casual web sites. It can be obtained by contacting NWS or by subscribing to their data services.

II. Source Term, Dilution, and Plume Rise (Instructor reading 5, references 1,3) (see Slide 9)
A. Release parameters from source (exit velocity, temperature, flow rate, direction, etc.)

B. Release parameters (the chemical, buoyant or heavy; aerosol, gaseous, or particle)

C. Plume rise limited by ambient stability

D. Effective release height for buoyant sources

E. Volumetric vs area vs point sources

F. Building effects

Class Activity: What are the most important pieces of information about the source term? How will this list change as the release scenario (Section 3.1.II) changes? What is the significance of a release whose temperature is higher than ambient?

Hints to instructors:

1. Plume rise is present when the plume is buoyant. Ambient stability may put a cap on the plume rise at the mixing height.

2. In low wind conditions (< 1m/s) vertical plume rise is observed. Otherwise the plume bends over and rises until it reaches a particular height called equilibrium height.

3. The plume rise may be calculated by different methods that are built into dispersion models. An effective release height may be calculated which assumes that the plume started at the height where it ultimately rises to.

4. Volumetric source may be approximated using a point source “behind” the volume at a distance, such that the plume coming from the point source will have the shape and size of the volume by the time it reaches the location of the actual volumetric source.

5. Buildings give rise to turbulence. This is called the wake-effect. It is very difficult to calculate concentration distribution near a building. A point source near a building may become an effective volumetric source due to wake effects.

III. Dispersion of Neutrally Buoyant clouds (Instructor reading 5, references 1,3)

A. The Gaussian description of the concentration field )see Slide 10)
a. The plume is not rising nor sinking. 

b. It has equal probability of spreading left and right, or up and down.

c. This may be described using Gaussian statistics or normal distribution.

IV. Dispersion of substances heavier than air (Reference 1) (see Slide 11)
A. Types of heavy gases: cold, dense, aerosol

B. Gravitational spreading is important as the plume touches the ground

B. Phases of heavy gas dispersion: release phase, transition phase, dispersion phase

a. Release phase: the mechanism of release influences the dispersion

b. Transition phase: Air gets gradually mixed into the plume

c. Dispersion phase: Due to mixing with air the plume becomes neutrally buoyant and from this point on may be described by Gaussian statistics.

Objective 11.3 - Discuss the goals and objectives of air dispersion modeling of hazardous substances, specific to the intended user.
Remarks:
I. Goals of modeling atmospheric dispersion (see Slide 12)
A. Assess hazard zones and extent of hazard

1. For individuals and families

2. For employers 

3. For cities, communities, and larger scales

B. Understand and prepare for the presence of hazardous atmospheres

C. Prepare for emergency response, assess actions to be taken

D. Assess evacuation routes and routes of escape

II. Computer Models (see Slide 13)
A. Types of models and data requirements

· Heavy gas versus neutrally buoyant gas models

· Gaussian versus more advanced models
B. Computer requirements

· PC/DOS environment (old models)

· PC graphical user interface (GUI) environment

· Operating system (Unix, Mac, DOS, Windows)

· Memory and storage space
C. Limitations of computational models 
· Time and/or distance of tracking plume

· Type of information it provides

· Type of natural processes it can handle

· Type of data it can handle
D. Uncertainties in modeling 
· Uncertainties in input data

· Errors caused by model physics assumptions

· Random variability (e.g., concentration fluctuations)

III. Most frequently used computational models (see Slide 14)
A. Models specific for the type of release: heavy gas vs buoyant gas vs particles or aerosol

B. ISC3-ST: Industrial Source Complex or AIRMOD for short term industrial releases

1. ISC3 and AERMOD are computer models developed by EPA. They may be obtained from EPA free of charge, but they do not have GUI. GUI is provided by third party vendors, and they are expensive (about $1,500)

2. They require expertise to run and interpret results, especially without GUI

3. Need more than basic meteorological data. Data preparation is time consuming.

C. CALPUFF and SCIPUFF for neutrally buoyant, buoyant, and particulate releases

1. Both are puff models as opposed to plume models. Both have GUI.

2. CALPUFF was developed by the California Air Resources Board. It uses puffs to construct a Gaussian plume to solve the air dispersion problem

3. SCIPUFF is a more modern computer model using advanced meteorological data, if available. It was designed by the Titan corporation.

4. They both require significant expertise to run and interpret results

5. They can utilize sophisticated meteorological measurement

D. DEGADIS and SLAB for heavy gas releases

1. DEGADIS (dense gas dispersion) and Slab are models freely available from the EPA. DEGADIS can handle only dense gases, while Slab can treat all phases of the heavy gas dispersion regime, described in section 3.2 IV. GUI is sold by third party vendors.

2. Both require expertise to run and interpret results, especially without GUI.

3. Require pre-calculated source term (release conditions, phase, etc)

4. Need physico-chemical data on the specific chemical released

5. Need only basic meteorological data

E. ALOHA for both neutrally buoyant and heavy gases

1. Areal Location of Hazardous Atmospheres. Developed by NOAA

2. Easy to use, quick to run, has GUI.

3. Has built-in chemical database

4. Needs only basic meteorological data

Objective 11.4 -  Outline the capabilities of the ALOHA model and discuss data requirement
Remarks:
I. Access to software: http://www.epa.gov/swercepp/cameo/aloha.htm
II. Minimum meteorological data requirements (see Slide 15)
A. Wind speed, wind direction, humidity, cloud cover, surface roughness, height of wind vane as user input from screen

B. Can use direct data input from a portable meteorological station (aka SAM station)

III. Has built-in user-selectable chemical database. This is important for heavy gas dispersion.

IV. Capabilities: (More information: http://www.epa.gov/swercepp/cameo/define.htm)

A. Automatically decides if release is heavy gas or neutrally buoyant. User may override selection.

B. Models emissions from boiling and non-boiling pools, pressurized gas pipelines, pressurized tanks containing gas or liquid, non-pressurized liquid tanks, and refrigerated tanks containing liquefied gases.

C. Predicts indoor and outdoor ground-level concentrations of chemical in the air and the dose of chemical to which people may be exposed, at any location selected by the user

D. Draws concentration footprint within which the ground-level concentration of pollutant gas is predicted to exceed the user-specified Level of Concern (LOC) at some time during the hour after a release begins. Footprint is exportable to GIS mapping.

V. Limitations of ALOHA. (More at: http://www.epa.gov/swercepp/cameo/define.htm)  (see slide 16)
A. Does not account for terrain effects and building effects

B. Does not handle radioactive materials and/or particulate matter and aerosols

C. Does not handle buoyant releases

D. Does not handle chemical mixtures or chemical reactions, or fires.

E. Does not compute deposition or deposition rates, and resuspension

F. Does not account for the effects of rain and fog.

G. Does not handle materials spilled on water bodies.

H. Maximum duration of modeled air quality is 1 hour. During this hour the meteorological conditions are fixed.

I. Maximum predicted impacted area is 10 km. If concentration goes beyond 10 km, the model truncates the results.

J. Minimum distance from source is 100 m. Does not handle near-field effects.

Objective 11.5 -  Review available results and discuss importance to different user groups.

Requirements:
This section provides an overview of the types of results a computer model output gives, and highlights their usefulness for various user groups

Remarks:

I. The type of results computational atmospheric dispersion models provide (see Slide 17) 
A. Concentration isopleths or “footprints” at ground level for a given averaging time

B. Dose or dose rate

1. Chemical release: Dose=time-integrated concentration

2. Radioactive release: Dose=radiation energy deposited in body

3. Biological release: Dose = Substance intake over a period of time

C. Deposition isopleths = footprints of deposited materials

D. Probabilities and confidence limits of exposure

1. Probability footprints of a given concentration

2. Concentration footprints at a given probability

II. Types of users and the used information (see Slide 18)
A. Emergency managers and responders

1. Short-term concentration or dose rate footprints

2. Concentrations displayed on high resolution GIS

3. Real-time update in concentration or dose rate footprints

4. Rough “ball-park-figure” information on uncertainties

B. Emergency planners

1. Short and long-term concentration or dose rate footprints

2. Concentrations displayed on medium resolution GIS

3. Detailed information on uncertainties

4. Hazard zones displayed on GIS

C. Toxicologists 

1. Short and long-term concentration or dose rate footprints

2. Averaging time

D. Health Physicists

1. The type of radiation and/or radionuclides present

2. Concentration and dose footprints

3. Duration of direct inhalation and external exposures

4. Height of plume or cloud

5. Averaging time

Objective 11.6 - Discuss the application of ALOHA air dispersion of hazardous chemicals model results for both planning and emergency management operations. Gain hands-on experience with ALOHA.
Requirements:

This section develops a release scenario and shows how to use ALOHA to model the release, interpret the results, and draw consequences.

Remarks:

In a transportation accident near Baton Rouge, LA, a 9000 Gallon tank truck carrying ammonia overturns and shears off a flange whose diameter is 4 inches. The size of the tank is 24 feet long and 8 feet in diameter. The tank contains liquid, which is stored at ambient temperature. The fill density of the tank is 75% by volume. The sheared-off flange creates a circular opening of about 3 inches in diameter, and it is located at 30% of the way to the top of the tank.

At the time of the accident, the wind direction is NE (i.e. blowing from NE), the wind speed is 5 m/s, measured at 10 m height. The accident occurred on a highway near a small village. The weather is partly cloudy, 50% relative humidity, and the temperature is 12 degrees Celsius. 

(see Slide 19)  Use ALOHA to estimate the likely hazard zone to the Immediately Dangerous to Life and Health (IDLH) Level of Concern (LOC).

The summary of the ALOHA run for this scenario is provided as this part of the class outline, and it contains:  

A. The input parameters

B. Information on release rates, duration, and maximum hazard zone downwind.  

C. Comments in italics show the input needs. All other printed output is calculated by ALOHA.

I. Site Data Information: (Only the location is specified in the input)
A. Location: Baton Rouge, Louisiana 

B. Building Air Exchanges Per Hour: 0.59 (sheltered single storied)

C. Time: December 23, 2004  1405 hours CST (using computer's clock)

II. Chemical Information: (Only the chemical name and the LOC are specified in input)
A. Chemical Name: Ammonia       Molecular Weight: 17.03 kg/kmol

B. TLV-TWA: 25 ppm              IDLH: 300 ppm

C. Footprint Level of Concern: 300 ppm

D. Boiling Point: -33.43° C

E. Vapor Pressure at Ambient Temperature: greater than 1 atm

F. Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

III. Atmospheric Information : (ALL MANUAL INPUT OF DATA) 

A.Wind: 5 meters/sec from NE at 10 meters

B. No Inversion Height

C. Stability Class: D           Air Temperature: 12° C

D. Relative Humidity: 50%       Ground Roughness: 30 centimeters

E. Cloud Cover: 7 tenths

IV. Source Strength Information:  

A. Leak from hole in horizontal cylindrical tank  (manual input)
B. Tank Diameter: 8 feet        Tank Length: 24 feet (both manual input)
C. Tank Volume: 9,024 gallons (calculated by ALOHA)
D. Tank contains liquid (manual input)
E. Internal Temperature: 12° C (manual input)
F. Chemical Mass in Tank: 17.6 tons (Calculated by ALOHA)
G. Tank is 75% full (manual input)
H. Circular Opening Diameter: 4 inches (manual input)
I. Opening is 2.40 feet from tank bottom (computed by ALOHA based on manual input)
J. Release Duration: 7 minutes (computed by ALOHA)
K. Max Computed Release Rate: 7,840 kilograms/min (computed by ALOHA)
L. Max Average Sustained Release Rate: 7,670 kilograms/min (computed by ALOHA)
 (averaged over a minute or more) 

M. Total Amount Released: 12,241 kilograms (computed by ALOHA)
N. The chemical escaped as a mixture of gas and aerosol (two phase flow). 

V.  Footprint Information:  

A.  Model Run: Heavy Gas (Determined by ALOHA based on input parameters)
B. User-specified LOC: equals IDLH (300 ppm) 

C. Max Threat Zone for LOC: 4.0 kilometers (Computed by ALOHA)
Class Activity: ALOHA also provides the footprint drawn on the screen in addition to a text summary of the scenario parameters. Ask the class to work individually or in small groups (2 to 4 members) to complete the exercises below. 

Note to Instructor: The instructor has several options in conducting this class activity.  The instructor could demonstrate the ALOHA program and show the students each step and involve the students / groups in discussing each step in the exercises below.  It is recommended, however, to have each group or individual complete the exercises below using computers in an instructional lab.

ALOHA Exercise:

Orientation to the ALOHA Outputs (see Handout 3-1: ALOHA Exercise)
A. The user can double click on any point inside the footprint to find out both the numerical value of the predicted concentration and the time evolution of the concentration at that point. 

B. This footprint may also be overlaid on a GIS map using CAMEO’s Marplot facility, or HAZUS, but double-clicking on this footprint will not give the above information.

Exercise 1: Displaying the concentration at a particular receptor using ALOHA

A. Double click at any point within the footprint. A new window opens and graphically shows the time evolution of the concentration at that particular point. It also shows the LOC as a constant line, to which the concentration may be compared. 

B. Select the menu Display/Concentration or press Ctrl-R. A new window will open that shows the spatial coordinates of the point in relative or in absolute coordinates. This window also allows the user to manually input a coordinate location at which the concentration is needed.

C. Select the Text Summary window, which is in the background of the concentration window. Read the last block of information, entitled “Time dependent information”. This gives the user the numerical value of the maximum concentration at the selected coordinate location. 

Exercise 2. Changing the level of concern, and finding ALOHA’s computational method

A. Select the menu Display/Options, or press Ctrl-Y. The opening window allows the user to specify a different LOC. Enter the value of 150 ppm, and press OK. If the footprint window is currently open, it will update to show the new footprint corresponding to the 150 ppm concentration. The Text Summary window will also automatically update.

B. Read the Source Strength information block. Notice that the substance escaped as a two-phase flow, meaning that both gas and aerosol are present in the escaping cloud. Notice that ALOHA automatically selected Heavy Gas dispersion (next block).

Exercise 3. Observe how the concentration footprint changes as the weather changes

A. Change the meteorology: Select the Setup/Atmospheric/User Input menu, or press Ctrl-A. Change the atmospheric stability category to C from D. Press the “Override” button if necessary. Observe as the footprint will shrink in size as the result. The Text Summary window will also automatically update. 

B. Now change the wind speed from 5 m/s to 8 m/s. Observe as the footprint will become narrower. The Text Summary window will also automatically update the concentration values.

Exercise 4. The effect of changing the release scenario
A. Change the release scenario: First, arrange the windows such that both the footprint window (Ctrl-F) and the Source Strength window (Ctrl-G) are visible. Select the Setup/Source/Tank menu (or press Ctrl-T) and press the OK button until you arrive to the window that allows you to input the opening diameter. Change the opening diameter from 4 inches to 0.5 inches. Observe as the footprint will shrink in size from 5.5 km length to 660 m length. The Text Summary window will also automatically update. It will show that the release duration is now “limited to 60 minutes”. Previously, the release duration was 7 minutes. The source strength will show a nearly flat line instead of the rapidly changing release.

B. Double-click anywhere in the footprint. Observe the time variation of concentration. Also observe the blue dashed line which predicts the concentration evolution in time for indoors. Is ALOHA suitable to predict the full effect of this release in time? ALOHA not only limits the release duration to 60 minutes (in reality it may go on much longer), but it also assumes that during that hour, the meteorology stays the same. We know that both wind speed and wind direction tend to change over time. Observe the two dashed lines plotted about the footprint. These are the uncertainty lines that take into account the fluctuations in wind direction. They represent the area within which the cloud will stay 19 out of 20 times (95% uncertainty interval).

Exercise 5. Some of the limitations of ALOHA
A. Change back to the original release scenario. Now change the LOC, the way it was done previously, from 150 ppm to 20 ppm. Notice that the footprint will go beyond 10 km, but ALOHA does not track it beyond that distance. The Text Summary window will also show that the maximum thread zone for this LOC is greater than 10 km. 

Class Activity:  This class activity involves the students in evaluating a hazard model.  In small groups of three to five members each, ask that the groups discuss the ALOHA dispersion modeling program.  

VI. Evaluating Hazard Models  (see Handout 3-2 and Slide 20)
The following provide a framework for identifying critical elements of a hazard model.  

A. Quality:  


1. Do the results accurately reflect the event simulated under specified conditions?  



2. Are limitations of the model stated in a clear straightforward manner?  




a. Are results expressed in an easy to understand manner?  

b. Must the results be formatted for use by decision-makers?  

c. Are results outlined to easily understand the intended use? 

3. Is the information presented in an orderly arrangement and in a form that assists the decision-maker?  

a. Is there information overload resulting from the model?  

B. Timeliness:  


1. Many day to day decisions are time sensitive.  

a. Decisions on how to respond to situations must be made quickly.  

b. Timely information has several ingredients.  

c. Is information provided when it is needed for making a decision?  

2. Is the information resulting from the model output current?  

a. Information should be up to date when it is provided to the decision-maker.  

3. Is the information from the model updated as needed?  

a. When conditions change is information provided as often as needed or at an appropriate frequency?  

C. Completeness:  


1. The results of the model must be complete to be of value to decision-makers.  

a. Is the scope of the information sufficient to allow the decision-maker to make an accurate assessment of the situation and to arrive at a suitable decision?  

2. Does the decision-maker have access not only to current information, but also to past history?  

3. Conciseness and detail are two additional aspects of completeness.  

a. Are the results of the model presented to the decision-maker in a concise form, but with sufficient detail to provide the decision-maker with enough depth and breadth for the current situation?  

4. Is sufficient relevant information provided to the decision-maker without information overload? 
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Handout 11-1

ALOHA Exercise:

Orientation to the ALOHA Outputs
A. The user can double click on any point inside the ALOHA footprint to find out both the numerical value of the predicted concentration and the time evolution of the concentration at that point. 

B. This footprint may also be overlaid on a GIS map using CAMEO’s Marplot facility, or HAZUS-MH.

Exercise 1: Displaying the concentration at a particular receptor

A. Double click at any point within the footprint. A new window opens and graphically shows the time evolution of the concentration at that particular point. It also shows the LOC as a constant line, to which the concentration may be compared. 

B. Select the menu Display/Concentration or press Ctrl-R. A new window will open that shows the spatial coordinates of the point in relative or in absolute coordinates. This window also allows the user to manually input a coordinate location at which the concentration is needed.

C. Select the Text Summary window, which is in the background of the concentration window. Read the last block of information, entitled “Time dependent information”. This gives the user the numerical value of the maximum concentration at the selected coordinate location. 

Exercise 2. Changing the level of concern, and finding ALOHA’s computational method

A. Select the menu Display/Options, or press Ctrl-Y. The opening window allows the user to specify a different LOC. Enter the value of 150 ppm, and press OK. If the footprint window is currently open, it will update to show the new footprint corresponding to the 150 ppm concentration. The Text Summary window will also automatically update.

B. Read the Source Strength information block. Notice that the substance escaped as a two-phase flow, meaning that both gas and aerosol are present in the escaping cloud. Notice that ALOHA automatically selected Heavy Gas dispersion (next block).

Exercise 3. Observe how the concentration footprint changes as the weather changes
A. Change the meteorology: Select the Setup/Atmospheric/User Input menu, or press Ctrl-A. Change the atmospheric stability category to C from D. Press the “Override” button if necessary. Observe as the footprint will shrink in size as the result. The Text Summary window will also automatically update. 

B. Now change the wind speed from 5 m/s to 8 m/s. Observe as the footprint will become narrower. The Text Summary window will also automatically update the concentration values.

Exercise 4. The effect of changing the release scenario
A. Change the release scenario: First, arrange the windows such that both the footprint window (Ctrl-F) and the Source Strength window (Ctrl-G) are visible. Select the Setup/Source/Tank menu (or press Ctrl-T) and press the OK button until you arrive to the window that allows you to input the opening diameter. Change the opening diameter from 4 inches to 0.5 inches. Observe as the footprint will shrink in size from 5.5 km length to 660 m length. The Text Summary window will also automatically update. It will show that the release duration is now “limited to 60 minutes”. Previously, the release duration was 7 minutes. The source strength will show a nearly flat line instead of the rapidly changing release.

B. Double-click anywhere in the footprint. Observe the time variation of concentration. Also observe the blue dashed line which predicts the concentration evolution in time for indoors. Is ALOHA suitable to predict the full effect of this release in time? ALOHA not only limits the release duration to 60 minutes (in reality it may go on much longer), but it also assumes that during that hour, the meteorology stays the same. We know that both wind speed and wind direction tend to change over time. Observe the two dashed lines plotted about the footprint. These are the uncertainty lines that take into account the fluctuations in wind direction. They represent the area within which the cloud will stay 19 out of 20 times (95% uncertainty interval).

Exercise 5. Some of the limitations of ALOHA
A. Change back to the original release scenario. Now change the LOC, the way it was done previously, from 150 ppm to 20 ppm. Notice that the footprint will go beyond 10 km, but ALOHA does not track it beyond that distance. The Text Summary window will also show that the maximum thread zone for this LOC is greater than 10 km. 

Handout 11-2

Evaluating Hazard Models
The following provide a framework for identifying critical elements of a hazard model.  

A. Quality:  


1. Do the results accurately reflect the event simulated under specified conditions?  



2. Are limitations of the model stated in a clear straightforward manner?  




a. Are results expressed in an easy to understand manner?  

b. Must the results be formatted for use by decision-makers?  

c. Are results outlined to easily understand the intended use? 

3. Is the information presented in an orderly arrangement and in a form that assists the decision-maker?  

a. Is there information overload resulting from the model?  

B. Timeliness:  


1. Many day to day decisions are time sensitive.  

a. Decisions on how to respond to situations must be made quickly.  

b. Timely information has several ingredients.  

c. Is information provided when it is needed for making a decision?  

2. Is the information resulting from the model output current?  

a. Information should be up to date when it is provided to the decision-maker.  

3. Is the information from the model updated as needed?  

a.When conditions change is information provided as often as needed or at an appropriate frequency?  

C. Completeness:  


1. The results of the model must be complete to be of value to decision-makers.  

a. Is the scope of the information sufficient to allow the decision-maker to make an accurate assessment of the situation and to arrive at a suitable decision?  

2. Does the decision-maker have access not only to current information, but also to past history?  

3. Conciseness and detail are two additional aspects of completeness.  

a. Are the results of the model presented to the decision-maker in a concise form, but with sufficient detail to provide the decision-maker with enough depth and breadth for the current situation?  

4. Is sufficient relevant information provided to the decision-maker without information overload? 
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