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Session Title:

Hazards Analysis and Modeling
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Three Hours

Objectives:


At the conclusion of this session, students should be able to:
9.1. Define modeling and how it fits into the emergency management system.

9.2.
Provide an overview of the technology of modeling and examples of what models are used in emergency management. 

9.3.
Compare and contrast statistical and dynamic models. 

9.4.
Provide examples of models used in emergency management including SLOSH (the National Weather Service) and ALOHA (developed by EPA and NOAA). 

9.5.
Identify critical elements of a hazard mode. 

Scope:
This session will provide an introduction to modeling and its application to emergency management. It will clarify the elements of hazard models and the major issues present when using hazard models. Uses of modeling programs in emergency response will be discussed. Limitations of modeling programs will be examined. 
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Remarks:

9.1
Modeling: How Does It Fit into the Emergency Management System?

Hazards analysis is a critical component of emergency planing. Modeling as a part of the hazards analysis process provides a means of simulating the nature and extent of a disaster. Hazards modeling is thus a tool for determining how a specific storm, chemical incident, fire, landslide, or tornado could affect a community. Since modeling is associated with complex mathematical formulas and assumptions and high powered computers, they are often left to the expert. Today, with advancements in computer technology, the emergency management community is able to determine the input elements in the models, initiate the calculations, and interpret the output of the models. Many models today are being adapted to run on the more powerful computers and be used by the emergency management staff and managers. An example of this is the easy-to-use hazards model in ALOHA which provides a footprint for a hazardous materials chemical incident. 

9.2 
Modeling: An Overview of the Technology
Modeling: What is it? A model of a natural or technological disaster is a replicate of the event. It is a “simplified representation of the real system” (Drager et al., 1993, page 209). In the real world, the disaster is a very complex phenomena. The wind velocity, the surface roughness, air temperature, and surface feature all contribute to the effects of natural events and chemical dispersion. These factors are included in the model, which is a set of mathematical algorithms or formulas. With this inherent complexity, all models must make simplifying assumptions. It follows that attempts to exactly model a natural or man-made phenomenon via a mathematical algorithm must, by the limitations of the technology, be only an approximation. The accuracy of the model’s estimation of an event is determined by both the assumptions contained within the model and by the assumptions made by the user as the data sets are prepared for modeling or inputs are entered into the user interface with the model. 

Computer models that simulate natural or man made events require a variety of data sets. For example, flood modeling programs require information on the type of soil, land use characteristics, and elevation points in the study area. These models also require weather information such as precipitation readings. In many cases, the data is very accurate and meets engineering quality standards. However, some data sets may be less accurate, thus reducing the accuracy of the model output. Complete sets of data that are used in a model are very difficult to obtain and may require extensive time and expense to prepare.  

If the agency sponsoring the model project is willing to expend the time and expense, the model is able to replicate a specific disaster event. Unfortunately, emergency management agencies are unable or unwilling to take the necessary time or allocate the financial resources to the modeling effort. If we use data that is an approximation rather than data sets that meet the highest standards, our models will provide outputs that may be less accurate. In flooding models, much of the data may have been prepared at a scale that could have errors of as much as 200 feet. Emergency managers should discuss the quality of the data with those who are running the model to ensure that the use of the model is consistent with the data used in the program. Given the potential limitations of the data used in a model, current modeling technology allows the user to predict a close approximation to the real event. 

Even with the limits of the technology, modeling still provides the best working estimate of the potential impact of a natural or man-made event. The outputs from models may provide the basis for determining vulnerability zones for floods or chemical releases and thus can be used in emergency response plans and procedures. Modeling provides a tool to help establish priorities for evacuation plans or land use planning.
Drager et al. noted that modeling attempts to quantify elements of the real world. In their examination of models for the evacuation of a building, they determined that with all the assumptions, the best route for a person from a building will depend on the time when he or she starts to escape. The models are usually based on assumptions such as that a person will behave rationally and follow optimal routes. The fact is that, in modeling human behavior, most models seriously underestimate total evacuation time, since the last persons who leave the building seldom have followed pre-defined evacuation plans (Drager et al., 1993). Even though the model is based on mathematical calculations, an understanding of the assumptions used and how these assumptions were made are critical in the appropriate use of the model as a managerial tool. Drager stresses that “the primary condition for performing an evacuation analysis is that the critical questions with respect to the system to be analyzed are raised. This process requires skill of the analyst as well as suitable calculation tools.” (1993, page 209.)

9.3
Mathematical and Statistical Models

The mathematical models used at National Hurricane Center include Statistical, Dynamic, and Combination (Statistical and Dynamic together). 

Statistical models forecast the future by using current information about the hurricane and comparing it to historical knowledge about the behavior of similar storms. The historical record for storms over the north Atlantic begins in 1871, while the record for storms for the east Pacific extends back to 1945. 

Dynamic models work differently. They are designed to use the results of global atmospheric model forecasts in different ways to forecast storm motion and intensity. Global models take current wind, temperature, pressure and humidity observations and make forecasts of the actual atmosphere in which the storm exists.

Because of their mathematical simplicity, dynamic models ignore the behavior of historical storms. Combination models, however, can be constructed to capitalize on the strengths of each. Because of their simplicity, statistical models were designed first for storm forecasting in the late 1960’s. In the early seventies, combination models were developed as global models and were used in making forecasts in tropical regions. As computers became more powerful, global models improved and pure dynamic models became more precise. This is true particularly when storms approach regions close to the continents where the state of the atmospheric environment is adequately observed and well-known. Over oceanic areas, far removed from land, combination models are still the best performers.
Understanding the Results of Modeling

Question for the Class:
Kirkwood (1994, p. 15) contends that detailed scientific results from complex models are often not understood by the public. 

“A simplistic explanation sometimes put forward is that the public does not understand, or have insufficient scientific knowledge to evaluate risks from (hazards)… New technology is presented as being too complex for those outside the technology ‘club’ to understand.” He notes that “people do not know what they cannot understand.” If it is believed that subjective and objective risk assessments differ because of lack of technical knowledge (relating to the models and their outputs), measures to gain public acceptance would be aimed at increasing the level of technical knowledge of the public.” Unfortunately, Kirkwood does not believe that educating the public will have any affect. The public makes decision based on “Rule-of-Thumb Rule,” which tend to be a simplistic view of the risk. 

· Do members of the class believe that the “public” and the “emergency management community,” at the state or local level, will be willing to learn more about the risks and make objective judgments rather than quick subjective decisions without an understanding of the risks?

9.4
Examples of Models Used in Emergency Management

Hurricane Model (SLOSH): Activity for the Class

Class members may be asked to read the case study “SLOSH Model” [IG pages IX-7–IX-16] which was adapted from the Department of the Army, New Orleans District, Corps of Engineers, “Technical Data Report: Southeast Louisiana Hurricane Preparedness Study, August,” 1994. The “Slosh Model” is provided as a part of the instructional materials with this course. The following questions may be discussed with the class concerning modeling natural disaster events.
· How could the SLOSH model be used by emergency managers? 

The SLOSH model is used to examine the impact of hurricanes along the Gulf and Atlantic coasts. It is based on information from past storms and is used by the emergency management community to clarify the impact of a storm as it reaches land. Outputs show the inundation area of a storm as it reaches land and the depth of the water in these areas. 

· Do you see the information drawn from the model as a planning, response, recovery, or mitigation tool? 

The SLOSH output footprint, wind calculations, and water depth can be provided to the emergency management community and used to examine the vulnerability zones to hurricanes. Variables used in the model include the direction and severity of the winds and the speed of the storm. As a result of the use of the model, the emergency manager should be able to determine the areas that may be affected by specific types of storms. As a planning tool, it presents a realistic description of the results of an event and provides the basis for conducting drills or capability assessment efforts in the community.

· What do you consider to be the strengths and limitations of this model for understanding hurricanes?
The SLOSH requires considerable expertise usually limited to the Corps of Engineers, National Weather Service, FEMA staff, or university or college faculty. The emergency manager needs to be involved as the model is created for a scenario to offer suggestions on the nature of storm. What is needed is a combination of revisions to the models to make it easier to use for emergency managers, and training for state and local officials and employees on using these emergency management tools. 

A major strength of the SLOSH is its clear presentation of vulnerability zones and its long period of use by the emergency management community.

A copy of this case study is available in digital form in the Readings directory.
Class Activity: Case Study

SLOSH Model 
SLOSH

(The following description is provided by the Department of the Army, New Orleans District, Corps of Engineers, “Technical Data Report: Southeast Louisiana Hurricane Preparedness Study,” August, 1994.) A copy of this case study is available in Readings: 9-SLOSH Case Study—a Word document)

Activity for the Class: Class members may be asked to read “Hazards Analysis – Modeling” for discussion in class. The following questions may be discussed with the class concerning modeling natural disaster events.

· How could the SLOSH model be used by emergency managers? 

· Do you see the information drawn from the model as a planning, response, recovery, or mitigation tool? 

· As an emergency manager, what do you consider to be the strengths and limitations of this model for understanding hurricanes?

The purpose of hazards analysis and modeling is to quantify the adverse impact of an event. The primary object of a hazards analysis is to determine the probable worst-case effects from various events including chemical releases, hurricanes, floods, earthquakes, and other unplanned events. An excellent example of modeling as applied to disaster is the Sea, Lake, and Overland Surges from Hurricanes (SLOSH) model developed by the National Weather Service. SLOSH calculates the potential surge heights from hurricanes. It is a two-dimensional model that was designed for real-time forecasting of surges from actual hurricanes within selected Gulf and Atlantic coastal basins. In addition to furnishing surge heights for the open coast, the SLOSH model has the added capability of computing the routing of storm surge into bays, estuaries, or coastal river basins as well as calculating surge heights for overland locations. Significant natural and man-made barriers are represented in the model and their effects simulated in the calculations of surge heights within a basin. 

Forecasting Inaccuracies

An analysis of hurricane forecasts made by the National Hurricane Center indicates the magnitude of error that can be expected in forecasting the track of approaching hurricanes. The average error in the official hurricane track forecast between 1970 and 1979 was 51 miles for the 12-hour forecast, 109 miles for the 24-hour forecast, 247 miles for the 48-hour forecast, and 377 miles for the 72-hour forecast. Thus if a storm were forecast to make landfall due south of New Orleans in 24 hours, and if, in fact, it made landfall anywhere between Dauphin Island, Alabama and Marsh Island, Louisiana, the error in the forecast landfall position would be no worse than average. There has been a small but significant downward trend in the forecast errors in the Atlantic basin over the period 1970-1991. The downward trend is found not only in the 24-hour forecast, but also in the 48- and 72- hour forecasts. 

Errors also occur in forecasting the maximum sustained wind speed of an approaching hurricane. During the period 1970-1979, the average error in the official 24-hour wind speed forecast was 15 miles per hour (mph), and the average error in the official 24-hour wind speed forecast was 15 mph, and the average in the 12 hour forecast was 10 mph. Hurricane evacuation decision makers should note that an increase in wind speed of 10 to 15 mph could easily raise the intensity category of the approaching hurricane on category on the Saffir/Simpson Hurricane Scale. To account for inaccuracies in forecasting the behavior of approaching hurricanes, the National Hurricane Center recommended that public officials faced with an imminent evacuation prepare for the evacuation as if the approaching hurricane will intensify one category above the strength forecast for landfall.

Storm Surge

A hurricane moving over the continental shelf produces a buildup of water at the coastline which is commonly referred to as storm surge. Storm surge is the increase in height of the surface of the sea due to the forces of an approaching hurricane. Storm surge normally occurs over a coastline for distances of 100 miles or more. The winds associated with a hurricane are the largest single component responsible for the buildup of storm surge within a basin. The wind blowing over the surface of the water exerts a horizontal force, which induces a surface current in the general direction of the wind. The surface current, in turn, induces currents in subsurface water. This process of current creation continues to a depth which is determined by the depth of the water and by the intensity and forward motion of the hurricane. For example, a fast moving hurricane of moderate intensity may only induce currents to a depth of a hundred feet, whereas a slow moving hurricane of moderate intensity might induce currents to several hundred feet. These horizontal currents are impeded by a sloping continental shelf, as the sloping continental shelf is particularly conducive to the formation of large storm surges. The amount of rise increases shoreward to a maximum level at, or some distance inland from, the shoreline.

Waves and swells breaking at or near the coast also transport water shoreward. During storms when there is an increase in wave height, water cannot flow back to the sea as rapidly as it is brought shoreward. This results in a phenomenon known as “wave setup” and causes a further increase of water level along the coastline. Waves are directly affected by water depth and will break and dissipate their energy in shallow water. A steep continental shelf will allow large ocean waves to approach the coastline before breaking, thus increasing wave setup. This phenomenon is primarily a concern near the coastline because large waves are generally not transmitted inland. 

The elevation of the storm surge within a coastal basin depends upon the meteorological parameters of the hurricane as well as the physical characteristics existing within the basin. The meteorological parameters affecting the amount of storm surge generated include the intensity of the hurricane measured by the central barometric pressure and maximum surface winds at the center of the storm, path or forward track of the storm, forward speed, and radius of maximum winds (storm size). The radius of maximum winds is measured from the center of the hurricane to the location of the highest wind speeds within the storm. This distance can vary from as little as 4 miles to as much a 50 miles. Due to the counter-clockwise rotation of the wind field, the highest recorded surge levels are generally located to the right of the forward track of the hurricane. 

The physical characteristics of a basin also influence potential surge heights. These factors include the roughness of the continental shelf, configuration of the coastline, and the existence of significant natural or man-made barriers. Another factor which affects the storm surge heights in the initial water level exists within the basin at the time of arrival of a hurricane includes the tide plus any anomalous.

Numerous methods and models have been utilized to quantify the potential storm surge generated by hurricanes. One of the earlier guides developed for that purpose is the Saffir/Simpson Hurricane Scale. The Saffir/Simpson Hurricane Scale is a descriptive scale which categories hurricanes based upon the hurricane intensity and its damage potential. The Saffir/Simpson Hurricane Scale also provides a range of wind speeds and normal surge heights associated with each of the five categories of hurricanes. 

Table 1

Saffir/Simpson Hurricane Scale
Category 1: Winds of 74 to 95 miles per hour. Damage primarily to shrubbery, trees, foliage, and unanchored mobile homes. No real damage to other structures. Some damage to poorly constructed signs. Storm surge 4 to 5 feet above normal. Low lying coastal roads inundated, minor pier damage, some small craft in exposed anchorage torn from moorings.

Category 2: Winds of 96 to 110 miles per hour. Considerable damage to shrubbery and tree foliage; some trees blow down. Major damage to exposed mobile homes. Extensive damage to poorly constructed signs. Some damage to roofing materials of building; some window and door damage. No major damage to buildings. Storm surge 6 to 8 feet above normal. Coastal roads and low lying escape routes inland cut by rising water 2 to 4 hours before arrival of hurricane center. Considerable damage to piers. Marinas flood. Small craft in unprotected anchorages torn from moorings. Evacuation of some shoreline residences and low-lying inland areas required.

Category 3: Winds of 111 to 130 miles per hour. Foliage torn from trees; large trees blown down. Practically all poorly constructed signs blown down. Some damage to roofing materials of buildings; some window and door damage. Some structural damage to small buildings. Mobile homes destroyed. Storm surge 9 to 12 feed above normal. Serious flooding at coast and many smaller structures near coast destroyed; larger structures near coast damaged by battering waves and floating debris. Low lying escape routes inland cut by rising water 3 to 5 hours before hurricane center arrives.

Category 4: Winds of 131 to 155 miles per hour. Shrubs and trees blown down; all signs down. Extensive damage to roofing materials, windows, and doors. Compete failure of roofs on many small residences. Complete destruction of mobile homes. Storm surge 13 to 18 feet above normal. Major damage to lower floors of structures near shore due to flooding and battering waves and floating debris. Low lying escape routes inland are cut by rising water three hours before hurricane center arrives. Major erosion of beaches.

Category 5: Winds greater than 155 miles per hour. Shrubs and trees blown down; considerable damage to roofs of buildings; all signs are blown down. Very severe and extensive damage to windows and doors. Compete failure of roofs on many residences and industrial buildings. Extensive shattering of glass in windows and doors. Some complete buildings failures. Small buildings overturned or blown away. Complete destruction of mobile homes. Storm surge possibly greater than 18 feet above normal. Major damage to lower floors of all structures less than 15 feet above sea level. Low lying escape routes inland cut by rising water 3 to 5 hours before hurricane center arrives.

The Saffir/Simpson Hurricane Scale was intended as a general guide for use by public safety officials during hurricane emergencies. It does not reflect the effects of varying localized coastline configuration, barriers, or other factors which can greatly influence the surge heights that occur at differing locations during a single hurricane event.

The SLOSH Model

The SLOSH Model (Sea, Lake, and Overland Surges from Hurricanes) is the latest and most sophisticated mathematical model yet developed by the National Weather Service to calculate potential surge heights from hurricanes. SLOSH is a two dimensional model that was developed for real time forecasting of surges from actual hurricanes within selected Gulf and Atlantic coastal basins. It furnishes surge heights for open coast, and has the added capability to compute the routing of storm surge into bays, estuaries, or coastal river basins as well as calculating surge heights for over land locations. Significant natural and man-made barriers are represented in the model and their effects simulated in the calculations of surge heights within a basin. 

The SLOSH model is designed for use in an operational mode; that is, for forecast runs without controlled, local calibration, or observed winds. The rationale for this design is to avoid having the forecaster predict unavailable input data. The SLOSH model contains a storm model into which simple, time-dependent meteorological data are input and from which the driving forces of a simulated storm are calculated. These data are as follows: 

· Latitude and longitude of storm positions at six-hour intervals for a 72-hour tract.

· The lowest atmospheric sea level pressure in the eye of the hurricane at six-hour intervals.

· The storm size measured from the center to the region of maximum winds; commonly referred to as the “radius of maximum winds”. Wind speed is not an input parameter since the model calculates a wind field for the modeled storm by balancing forces according to weather input parameters.

Input data to the SLOSH model also includes the initial height of the water surface well before the storm directly affects the area of interest. This initial height is the observed still water level occurring about two days before storm arrival and includes an existing anomalous rise in the water surface. Water surface elevations correspond to the vertical datum used to specify land elevations and water depths within the model. All water surface elevations, land elevations, and water depths were referenced to NGVD. Tidal fluctuations immediately prior to landfall have not been accounted for because a small error in predicting the phasing of storm track and astronomical tide would likely invalidate model results. The possible effects of landfall occurring at a particular phase of the tide, such as at the time of high or low tide, are evaluated as an increment to the surge values predicted by the SLOSH model.

The values or functions for the coefficients within the SLOSH model are generalized to serve for modeling all storms within all basins and are set empirically through comparisons of computed and observed meteorological and surge height data for numerous historical hurricanes. It is probable that the coefficients are a function of differing storm parameters and basin characteristics; therefore, calibration of the model based on a single storm event within a basin is avoided since there is no guarantee that the same coefficient values will serve as well for alternate storms. 

SLOSH Grid Configuration. The SLOSH model utilizes a telescoping polar coordinate (fan-shaped) grid system within which a particular coastal basin is represented. The grid configuration of the “Lake Pontchartrain Basin” SLOSH model is illustrated in Figure 1. The resolution of the model for inland locations near the focus is approximately ½ square miles per grid square and increases to approximately 50 square miles at the outer fringe of the grid. The grid squares in Figure 1, constantly expand in size and become progressively larger out from the coastline. The larger grid cells in the off shore region permits the inclusion of a large geographic area in the model so that the model boundary effects on the dynamics of the storm are diminished. The advantage of this grid system is that it offers good resolution in areas of primary interest while conserving computer resources by minimizing the number of calculations required to model a storm.

The characteristics of a particular basin are constructed as input data within the model. These characteristic include the topography of inland areas; river basins and waterways; bays and large inland water bodies; significant natural and man-made barriers such as barrier islands, dunes, roadbeds, floodwalls, levees, etc.; and a segment of the continental shelf. The SLOSH model simulates inland flooding from storm surge and permits the overtopping of barriers and flow through barrier gaps. 
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Figure 1

Local Streets, Levees, and Parish Boundaries

Basis for Analysis of the SLOSH Model
Verification of the Model. After a SLOSH model has been constructed for a coastal basin, verification experiments are conducted. The verification experiments are performed in a “hindcast” mode, using the real-time operational model code and storm parameters and an initial observed sea surface height occurring approximately 48 hours before the storm landfalls or affects the basin. Ideally there would be a large number of actual storm events with well-documented meteorology and storm surge histories which could be compared to the storm surge histories hindcast by the SLOSH model for the same storms. In reality, hurricanes are a rare meteorological event for any given region, and it is even rarer to find adequate, reliable measurement of storm surge elevations over a representative number of sites within a region due to the difficulty in making such measurement during hurricane conditions. 

The computed surge heights are compared with those measured from historic storms and, if necessary, adjustments are made to the input or basin data. These adjustments are not made to force agreement between computed and measured surge heights from historical storms but to more accurately represent the basin characteristics or historic storm parameters. In those instances where the model gave realistic results in one area of a basin but not in another, closer examination of the basin often revealed inaccuracies in the representation of barrier heights or missing values in bathymetric or topographic charts. In the case of historic storms, most of the data was coarse, with parameters prescribed invariant with time and with an unrealistically smooth storm track. When necessary, further analysis and subjective decisions are employed to amend the track or other parameters of the historic storms used in the verification process.

Model Output. The SLOSH model output for a modeled storm consists of a tabulated storm history containing hourly values of storm position, speed, direction of motion, pressure and radius of maximum winds; a surface envelope of highest surges; and, for pre-selected grid points, time-history tabulations of values for surge heights, wind speeds, and wind directions. If desired, the model can also furnish two-dimensional snapshot displays of surges at specified times during a simulation. 
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Figure 2

Vulnerable Sites: Hospitals.

LaFouch Parish

The highest water level reached at each location along the coastline during the passage of a hurricane is called the maximum surge. Maximum surges along the coastline do not necessarily occur at the same time. The time of the maximum surge for one location may differ by several hours from the maximum surge that occurs at another location. A plot of the maximum water surface elevation attained at each grid cell over the duration of the simulated storm does not represent a “snapshot” of the storm surge at a given instant of time. Instead, it represents the highest water level at each grid cell during a hurricane irrespective of the actual time of occurrence.

The printed envelope of highest surges from the SLOSH model shows the computed surge heights in feet NGVD in the center of each grid square. Other information depicted includes symbols for natural and man-made geographic features, latitude and longitude lines, and the storm path through the basin. In order to output surges on a line printer, the polar grid for a basin is transformed onto an image plane of equal spacing. Cells near the origin of the polar grid are thus expanded relative to their original size and cells near the outer portion of the polar grid are contracted relative to their original size. The result is that the model grid is represented by equally spaced parallel lines while latitude and longitude lines and all other geographic features within the basin are distorted.

The time-history data of surge heights, wind speeds, and wind directions are tabulated for each pre-selected grid point in the model. These data are listed for each grid point at ten-minute intervals for a 72-hour segment of a simulated storm track, starting 48 hours prior to landfall and continuing for 24 hours after landfall or closest approach. The surge heights are in feet NGVD; the wind speeds in miles per hour; and the wind directions in degrees azimuth from which the wind is blowing. Water depths are not computed because terrain heights varies within a grid square. The depth of flooding is deduced by subtracting the actual terrain height from the model-generated surge height. 

The Southeast Louisiana SLOSH Modeling Process 

The Lake Pontchartrain basin SLOSH model was the primary model used for the Southeast Louisiana Hurricane Preparedness Study. The Lake Pontchartrain SLOSH basin covers the Louisiana and Mississippi coastline from Vermilion Bay to the Mississippi Sound, and extends inland to cover Lake Pontchartrain. 

The accuracy of the SLOSH model depends heavily on the ability to accurately model the topographic and bathymetric features of the basin. Inaccuracies in modeling these features will contribute directly to errors in the modeling of storm surge. This is of particular importance for the Lake Pontchartrain basin, which is composed primarily of sea-level marsh, swamp and open water. The major barriers to storm surge in southeast Louisiana are generally man-made features such as levees, floodwalls, highways, and railroad embankments. 

As part of the Southeast Louisiana Hurricane Preparedness Study, a total of 1,640 simulated hurricanes were modeled using the Lake Pontchartrain basin SLOSH model. The characteristics of the simulated hurricanes were determined from an analysis of historical hurricanes which have occurred within the study area. The parameters selected for the modeled storms were the intensities, forward speeds, directions of motion, and radius of maximum winds. These parameters were defined based on the probability of occurrence of weather conditions within the Lake Pontchartrain basin. 

A total of 164 storm tracks were modeled for the study. These tracks had combinations of parameters representing five categories of hurricane intensity, as described by the Saffir/Simpson Hurricane Scale; nine approaches directions for landfall (west, west-northwest, northwest, north northwest, north, north northeast, northeast, east northeast, and east); two forward speeds of 5 and 15 miles per hour; and numerous landfall or closest approach locations separated by 20 miles or less along the coastline. 

Model Output

One of the outputs from the SLOSH model is a plot of maximum water surface elevation at each grid cell with the basin affected by the storm. The imaginary surface defined by the maximum water level in each grid cell is termed the “envelope” of maximum water surface elevations. The largest individual water surface elevation within the entire basin for a particular storm is termed the “peak” surge. The location of the peak surge depends on where the eye of a hurricane crosses the coastline, its intensity, the topography of the basin, configuration of the coastline, the approach direction, and the size or radius of maximum winds of the hurricane. In most instances, the peak surge from a hurricane occurs to the right of the storm path near the radius of the maximum winds. 

The objective of the analysis of the model is to determine the potential peak surges. For this purpose, a maximum envelope of water (MEOW) is utilized. A total of 90 MEOW’s were developed for the study. Each MEOW represented a different combination of hurricane intensity, direction, and forward speed. The MEOW shows the peak surge heights for each grid cell within the basin, independent of where the hurricane actually crosses the coastline. 
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Figure 3

Shelter Locations, LaFouch Parish
In most instances, a change in storm category accounted for the greatest change in the peak surge heights calculated for grid cells. Changes in the forward speed of the simulated hurricanes resulted in the greatest peak surge height differences. Faster moving (15 miles per hour) storms produced higher surge levels at the open coast while the slower (5 miles per hour) storms resulted in higher surge levels within most lakes and over land locations. 

The surge maps depict the limits of inundation from peak storm surge heights potentially generated by the five categories of storm intensity. The displays from the study do not predict the limits of inundation from a single storm, but rather delineate the areas that are threatened by storm surge. 

A major output of the model is a vulnerability analysis to identify the areas, populations, and facilities which are potentially vulnerable to flooding associated with hurricanes. The storm surge data from the hazards analysis was used to develop inundation maps; to determine evacuation zones and evacuation scenarios for local areas; to quantify the population at risk under a range of hurricane intensities; and to identify major medical institutional and other facilities that are potentially vulnerable to storm surge. 
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Vulnerability Zones by Type of Storm


The National Hurricane Center Use Of Modeling: A Case Example

The National Hurricane Center (NHC) in Miami, Florida is a part of the National Weather Service (NWS), under the National Oceanic and Atmospheric Administration (NOAA), an agency of the U.S. Department of Commerce. The NHC tracks tropical cyclones from the tropical depression stage through the hurricane stage over the North Atlantic Ocean, Caribbean Sea, Gulf of Mexico and Eastern Pacific Ocean and makes predictions of the future position and intensity of the cyclones.

To forecast the track and intensity of storms, NHC uses mathematical computer models such as SLOSH. These models represent the storm and its environment in a greatly simplified manner. Computers running these models can forecast the future motion and intensity of a cyclone. Hurricane forecasters then interpret model results to arrive at a final track and intensity forecast, distributing it to the public in the form of advisories.

Chemical Dispersion Modeling

ALOHA (Areal Locations of Hazardous Atmospheres, Ver. 5.2) was developed by the U.S. Environmental Protection Agency and the National Oceanic and Atmospheric Administration to simulate airborne releases of hazardous chemicals. The ALOHA plots a “footprint,” which represents the area within which the ground-level concentration of a pollutant gas is predicted to exceed your level of concern (LOC) at some time after a release begins. 

The following are features of ALOHA. 

· It may be used with heavy gases or neutrally buoyant gases; 


· It provides easy to understand estimates of the source strength; 

· It can simulate releases from tanks, puddles, and pipes; 

· It can calculate indoor air infiltration; 

· Contains an extensive chemical library, which is user expandable; 


· It estimates gas cloud area and concentration over time in varying environmental conditions; 

· Can be used with real time input of weather data that can be entered by user or directly from a meteorological station; 

· Plots toxic cloud “footprint” onto area maps; 

· Has easy-to-use graphic interface and display. 

For more information on ALOHA (ver. 5.2) see: http://www.nsc.org/ehc/cam/aloha.html.



Fire Modeling

The National Interagency Fire Center in Boise, Idaho is the nation’s primary logistical support center for wildland fire suppression. The center is the home to federal wildland fire experts in areas such as fire ecology, fire behavior, technology, aviation and weather. For further information see: http://www.nifc.gov.

· For wildfire season, NASA launched a new page to bring up-to-date information about fires to the public and scientific community. Recent fires in Florida and Mexico were visible as satellite and infrared images at http://modarch.gsfc.nasa.gov/fire_atlas/fires.html. 

Evacuation Modeling

OREMS Version 2.0

(Oak Ridge Evacuation Modeling System developed by the Emergency Management Systems section of Oak Ridge National Labs, Emergency Management Systems provided the following description of their “evacuation” modeling efforts).

OREMS is a microcomputer-based system developed to simulate traffic flow during an emergency evacuation which may be undertaken in response to a natural or man-made calamity. Examples of man-made disasters include nuclear reactor failure, release of toxic gases, and dam failure related flooding; natural disasters that may require evacuation include hurricanes, earthquakes, and forest fires. OREMS is being developed by the Center for Transportation Analysis at Oak Ridge National Laboratory (ORNL) for the Federal Emergency Management Agency and the U.S. Army. 

Evacuation refers to a special case of possible protective actions and is most viable in most regional emergencies. One of the key factors used in evaluating the effectiveness of evacuation as a protective action option is the estimate of time required for evacuation; that is, the time associated with clearing people from an area at risk to areas considered safe. Once evacuation is identified as a viable protective action strategy, considerable planning and analysis is required to develop an evacuation plan which best serves the population at risk. OREMS consists of a set of computer programs which can be used to estimate evacuation time to develop evacuation plans for different events or scenarios for user defined spatial boundaries. OREMS allows the user to experiment with alternate routes, destinations, traffic control and management strategies, and evacuee response rates. For a given situation, OREMS can help identify evacuation or clearance times, traffic operational characteristics, bottlenecks, and other information necessary for developing effective evacuation plans. Detailed information on traffic operational characteristics can also be obtained at user specified time intervals between the beginning and end of an evacuation. 

Goals of Evacuation Modeling Initiatives

· Develop a regional evacuation simulation model by using the latest, well-tested simulation software from the U.S. Department of Transportation (USDOT);

· Implement a GIS (Geographical Information System) based user-interface;

· Improve the model execution time;

· Integrate an evacuation model with emergency management information systems and other planning models for use in CSEPP applications; 

· Simplify the evacuation model execution/application procedures;

· Eliminate the inconsistencies and problems observed with the use of a proprietary software in preliminary evacuation time studies; and 

· Develop a public-domain, government-approved evacuation simulation modeling system. 

The model is a stand alone planning model for personal computers (PCs); however, its architecture supports the extension to “on-line” applications without a complete rewrite of the code. Furthermore, it has been developed by adaptation of the TRAF (integrated traffic simulation models) family of simulation models—the flagship traffic simulation model of the USDOT’s Federal Highway Administration (FHWA)—considered standard in the traffic engineering profession. 

The traffic model component of OREMS has been integrated into the Federal Emergency Management Information System (FEMIS).

For Information on evacuation modeling:

Ajay K. Rathi or Oscar Franzese

ITS Research Group

Center for Transportation Analysis

Oak Ridge National Laboratory

P.O. Box 2008; MS 6206, 4500N, H-16

Oak Ridge, TN 37831-6206
Or

Peggy Stahl

Federal Emergency Management Agency

Federal Center Plaza

500 C Street, Room 618

Washington, DC 20472

(202) 646-3013

FAX 646-4321

Drought Modeling

The National Drought Mitigation Center at the University of Nebraska-Lincoln is sponsored by the U.S. Bureau of Reclamation. For further information on its activities and modeling efforts see the following site: http://enso.unl.edu/ndmc.

Activity for the Class: Case Study

Review the following case problem, “Hazards Analysis: Extremely Hazardous Substances (EHS): Sterlington, LA,” (Pine, 1997), and the description of the chemical modeling program ALOHA. [IG page IX-22.] ALOHA was used to calculate vulnerability zones for extremely hazardous substances (EHS) at Angus Chemical Company in Sterlington, LA. Divide the class into groups (4–5 members) for this class activity. Ask the groups to address the following questions. A copy of the case study is available in Readings: 9-Sterlington Case Study—a Word document.
1.
What is the purpose of the ALOHA chemical dispersion program? Identify the limitations of the program. 

2.
In managing the use of the ALOHA modeling program by state or local organizations, what problems could be encountered? What strategies could be initiated to address these problems?

3.
As an emergency manager, what questions and concerns are raised by the use of models in emergency management? 

The following class activity is included in the instructional materials in digital form in the Student Reading folder. 

Class Case Study:

Hazards Analysis Extremely Hazardous Substances: Sterlington, Louisiana

Questions for discussion:

1.
What is the purpose of the ALOHA chemical dispersion program? Identify the limitations of the program. 

2.
In managing the use of the ALOHA modeling program by state or local organizations, what problems could be encountered? What strategies could be initiated to address these problems?

3.
As an emergency manager, what questions and concerns are raised by the use of models in emergency management?
An analysis of chemical risks was completed examining the potential off-site impact presented by storage containers at Angus Chemical in Sterlington, LA. The study was completed by the Institute for Environmental Studies, Louisiana State University, in collaboration with the Ouachita Civil Defense Agency, Angus Chemical Company. Extremely hazardous substances (EHS) for Angus Chemical Company were identified from Tier2 reporting records provided by the Louisiana State Police, Transportation and Environmental Safety Division, Right to Know Office, and the Ouachita Civil Defense Agency and Angus Chemical Company. 

Weather Conditions in the Scenario

To ensure a clearer understanding of the off-site impact of an accidental release, two weather conditions were selected for use in the scenarios. So that the results of the analysis could be compared, scenarios were run at night and during the day.

Generally, air movement during the evening hours is lower than in daytime hours. As a result, gases tend to move closer to the ground at night and are moved by low winds at a slow speed. It should be noted that releases in the evening hours would actually pose a greater risk to the local population, since more people would be at home, assuming that adults worked between 8:00 a.m. and 5:00 p.m. and children were in school.

Time:


10:00 a.m.


8:00 p.m.


Temperature:

82 degrees


72 degrees


Wind:


8 mile/hour


5 miles/hour

Wind Direction:
West to East


West to East

Stability Class:
D



F

Extremely Hazardous Substances (EHS)

Three EHS were identified as being stored on site at the Angus Chemical Company including chlorine, nitric acid 65%, and sulfur dioxide. Each has a National Fire Protection Health Hazard rating of at least a 3, which suggests a high health hazard in a release. One ton chlorine cylinders are used in water treatment. Tanks of nitric acid 65% (1,000 ton), and sulfur dioxide (30,000 lb.) are also on the site. For the purposes of this case study the tank size was increased and only the chlorine releases are simulated.

Vulnerability Zones

Risk Zones for Angus Chemical as calculated by ALOHA show that a daytime release of chlorine is 1.6 miles and a night time release is 1.9 miles. The release scenarios used to calculate the risk zones in this study were based on possible, realistic events, often drawn from other sites in Louisiana. They are not based on actual releases from Angus Chemical and do not suggest that such events have occurred. Table 1 “Angus Chemical Risk Zones” provides a summary of the off site impact of an accidental release of chlorine. A printout of the ALOHA text summary is provided for both day- and night-time scenarios. 

Table 1

Angus Chemical Risk Zones



EHS Chemicals:
Storage
Quantity
State
Risk Zone





Day
Night

Chlorine
Tank
150 lb.
Gas
1.6 miles
1.9 Miles

NFPA_H 3



.5 inch whole
.5 inch whole

NFPA_F 0






CAS: 7782-50-5






LOC: .0073

IDLH: 10 PPM

Weather Conditions



Day



Night

Time:


10:00 a.m.


8:00 p.m.


Temperature:

82 degrees


72 degrees


Wind:


8 mile/hour


5 miles/hour

Wind Direction:
West to East


West to East

Stability Class:
D



F

ALOHA 10:00 AM Release

Summary of Chlorine Release

Sterlington, LA
SITE DATA INFORMATION:

 Location: Sterlington, LA

 Building Air Exchanges Per Hour: 0.70 (Sheltered single storied)

 Time: August 17, 1998, 1000 hours CDT (User specified)

 CHEMICAL INFORMATION:

 Chemical Name: CHLORINE Molecular Weight: 70.91 kg/kmol

 TLV-TWA: 0.5 ppm IDLH: 10 ppm

 Footprint Level of Concern: 10 ppm

 Boiling Point: -29.25° F

 Vapor Pressure at Ambient Temperature: greater than 1 atm

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

 ATMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA) 

 Wind: 8 knots from w at 3 meters

 No Inversion Height

 Stability Class: D Air Temperature: 82° F

 Relative Humidity: 50% Ground Roughness: Open country

 Cloud Cover: 5 tenths

 SOURCE STRENGTH INFORMATION:

 Leak from hole in horizontal cylindrical tank 

 Tank Diameter: 5 feet Tank Length: 12 feet

 Tank Volume: 1,763 gallons

 Tank contains liquid

 Internal Temperature: 82° F

 Chemical Mass in Tank: 8.69 tons

 Tank is 85% full

 Circular Opening Diameter: .5 inches

 Opening is 1.55 feet from tank bottom

 Release Duration: ALOHA limited the duration to 1 hour

 Max Computed Release Rate: 466 pounds/min

 Max Average Sustained Release Rate: 461 pounds/min

 (averaged over a minute or more) 

 Total Amount Released: 12,629 pounds

 Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

 FOOTPRINT INFORMATION: 

 Model Run: Heavy Gas 

 User-specified LOC: equals IDLH (10 ppm)

 Max Threat Zone for LOC: 1.6 miles

ALOHA 8:00 PM Release

Summary of Chlorine Release

Sterlington, LA

SITE DATA INFORMATION:

 Location: Sterlington, LA 

 Building Air Exchanges Per Hour: 0.43 (Sheltered single storied)

 Time: August 17, 1998, 2000 hours CDT (User specified)

 CHEMICAL INFORMATION:

 Chemical Name: CHLORINE Molecular Weight: 70.91 kg/kmol

 TLV-TWA: 0.5 ppm IDLH: 10 ppm

 Footprint Level of Concern: 10 ppm

 Boiling Point: -29.25° F

 Vapor Pressure at Ambient Temperature: greater than 1 atm

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

 ATMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA) 

 Wind: 5 knots from w at 3 meters

 No Inversion Height

 Stability Class: D Air Temperature: 72° F

 Relative Humidity: 50% Ground Roughness: Open country

 Cloud Cover: 5 tenths

 SOURCE STRENGTH INFORMATION:

 Leak from hole in horizontal cylindrical tank 

 Tank Diameter: 5 feet Tank Length: 12 feet

 Tank Volume: 1,763 gallons

 Tank contains liquid

 Internal Temperature: 72° F

 Chemical Mass in Tank: 8.69 tons

 Tank is 84% full

 Circular Opening Diameter: .5 inches

 Opening is 1.55 feet from tank bottom

 Release Duration: ALOHA limited the duration to 1 hour

 Max Computed Release Rate: 430 pounds/min

 Max Average Sustained Release Rate: 426 pounds/min

 (averaged over a minute or more) 

 Total Amount Released: 12,456 pounds

 Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

 FOOTPRINT INFORMATION: 

 Model Run: Heavy Gas 

 User-specified LOC: equals IDLH (10 ppm)

 Max Threat Zone for LOC: 1.9 miles

9.5
Evaluating Hazard Models
The following provides a framework for identifying critical elements of a hazard model. 

Quality
· Do the results accurately reflect the event simulated under specified conditions? 

· Are limitations of the model stated in a clear, straightforward manner? Are results expressed in an easy to understand manner? Must the results be formatted for use by decision-makers? Are results outlined so the intended use may be easily understood? 

· Is the information presented in an orderly arrangement and in a form that assists the decision-maker? Is there information overload resulting from the model? 

Timeliness
· Many day-to-day decisions are time sensitive. Decisions on how to respond to situations must be made quickly. Timely information has several ingredients. Is information provided when it is needed for making a decision? 

· Is the information resulting from the model output current? Information should be up to date when it is provided to the decision-maker. 

· Is the information from the model updated as needed? When conditions change, is information provided as often as needed or at an appropriate frequency? 

Completeness


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

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

· Conciseness and detail are two additional aspects of completeness. 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? 

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

9.6
Additional Comments Concerning Air Dispersion Modeling

Atmospheric Dispersion

(Prepared by: Dr. Erno Sajo, Associate Professor, Department of Nuclear Science, Louisiana State University, Baton Rouge, LA) 

Concerns

The theory of atmospheric dispersion is a tool in studying the disposition of waste products in the atmosphere. It is concerned about the effects of atmospheric motions on suspended pollutants.

Pollutants released in the atmosphere consist of particles and gases. Atmospheric residence times for these materials span from a few minutes to several years. The movement of pollutants is governed by the motions of the atmosphere. Some of these determine the path that the airborne contamination will follow. Other motions will determine how the concentration of the pollutants will be diluted.

Exposure Pathways

Pollutants may reach humans via a multitude of ways. Direct exposure via inhalation or external contact is possible when a radioactive plume or cloud gets in close vicinity. Food and water supply may be contaminated via atmospheric removal processes.

There are two major pathways distinguished: terrestrial and aquatic. The pathways, as illustrated in Figures 1 and 2, are very complex. There is a high degree of uncertainty in estimating the uptake of radioactive materials. The risks of radiation exposure from all pathways are evaluated and compared to the ICRP and NRC guidelines.

Table 1. Origin of radiation exposure of individuals.
External Sources:



Internal Sources:
Whole body 




Inhalation

Skin 





Ingestion (fluids, vegetables, meat and fish)

Exposure pathways can be classified according to the relationship between the concentration in the environment and the rate of release. There are three main classes of this kind:

a)
Transitory exposure pathway, where the concentration is directly proportional to the rate of release. E.g., external radiation from a short‑lived nuclide.

b)
Integrating exposure pathway, where the concentration increases with continuing release, and may persist beyond the end of the release. E.g., build‑up of nuclides released into a pond.

c)
Cumulative integrating exposure pathway involves a second integrating process. E.g., fish living in pond.

Meteorology

Application of various dispersion models requires a knowledge of basic meteorology. In particular, fundamentals of stability classes, influence of wind, and atmospheric thermodynamics.

wind

Upper level winds strongly influence winds near the surface, where most diffusion problems occur. The Earth’s surface exerts a drag on the atmosphere which influences wind speed up to a height of 2 kilometers. Variations in temperature are also noticed up to the top of this layer, called Planetary Boundary Layer (PBL). Most practical air dispersion problems are confined to the PBL.

While the variation of wind direction and velocity with height may be described using deterministic methods, the fluctuation of wind speed and direction of a fixed location is a function of time. Owing to temporal and spatial changes in air temperature and pressure, in addition to uneven terrain, the wind creates eddies of various sizes, ranging from a few meters to hundreds of kilometers. Large eddies have an effect of changing the general direction of the plume while small eddies will tend to tear the plume apart.

vertical temperature structure and stability

The rate of change in the temperature of a parcel of dry air when it is moved vertically without exchanging heat with its environment is known as the adiabatic lapse rate. The actual temperature gradient of the atmospheric environment may differ from this.

A plume will more readily disperse in unstable conditions, and will travel long distances without significant dilution in stable conditions. Typically on a sunny day the atmosphere is unstable. Conditions are neutral on a windy and cloudy day, or night. During stable conditions a parcel dispersed from an equilibrium level will oscillate about the equilibrium level.

Frequently the temperature lapse rate is not constant with height, but it may reverse its trend at a certain level. This way a stable layer may exist above an unstable air mass, or vice versa. This phenomenon is known as inversion. Since these represent transitions from stable to unstable or from unstable to stable, the plume must have sufficient momentum to penetrate an inversion layer. 

Dilution and Plume Rise

Plume rise is an important factor in the degree of dilution of sources, since it increases the effective stack height by a factor of 2 to 10 of the actual release height. The maximum ground level concentration is proportional to the effective stack height, therefore plume rise can reduce ground level concentration by a factor of 100. According to the fundamental laws of fluid dynamics, plume rise is influenced by its temperature, density, exit speed, wind velocity and the atmospheric lapse rate. 

Stability Classification Schemes 

The most widely used scheme for stability classification was developed by Pasquill. Classes A–C represent unstable conditions. D is neutral and E–F are stable conditions. In some literature a G class is defined for stable conditions with light wind.

Most published values are based on a few experiments where the terrain was uniform, open level country, and measurements were made at less than 1 kilometer downwind. It must be noted that these curves are only valid for the experimental conditions and they must be used with caution for complex terrain, distances greater than 10 km and effective release heights above 100 meters. For these problems direct turbulence measurements are necessary. Quantitative estimates for F and G conditions in light wind situations are nearly impossible, or are loaded with very high uncertainty. This is because of the lack of sustained wind in any direction. With very light winds for ground-level sources, free of topographic obstructions, frequent shifts in wind direction occur which act to spread the plume horizontally

Current Applications of Modeling

The most widespread model in today’s environment with highly sophisticated and fast computers is still the Gaussian plume model. It is still the model of choice of the U.S. EPA, state regulatory agencies, the U.S. NRC and its counterparts in many foreign countries, the IAEA, the U.S. DOD, and the chemical industry.

Dense Gas Dispersion

When a gas is released whose specific gravity or density is higher than that of the ambient air, the formulae presented in the preceding sections have limited or zero applicability in most parts during the evolution of the plume. The spreading and dispersion behavior of heavy gases is not as well understood as for neutral or positively buoyant gases. As dense gas is released into the atmosphere, its behavior and subsequent dispersion can be considered in three phases:

· Initial or release phase

· Transition phase

· Dispersion phase

the release phase

The way in which material is released into the atmosphere is significant, as well as the time over which it is discharged. As dense gas is released, initially its behavior is influenced by the source characteristics and by the physical properties of the gas. The factors that have the highest impact on the initial dilution and spreading include:

· The phase of released substance (vapor, liquid, or two‑phase);

· The type of the release (instantaneous, continuous, or non‑steady over finite time);

· The geometry of the source;

· Location and orientation of the source;

· Thermodynamic properties of the release (temperature and pressure);

· Atmospheric conditions during the release.

If vapor is released, it will start mixing with the air immediately. If liquid phase is released, it must first evaporate to become airborne. Thus, non‑volatile liquids or liquids whose boiling point is not reached during the release are not included in our analysis. If liquid is released under pressure, a portion of the escaping material is flashed off to a vapor resulting in a two‑phase jet release. Thus, in this case, aerosol formation and evaporation play a significant role.

There are many complex phenomena that influence the behavior of such release. Also, there are many theories and models that attempt to simulate this type of release. In simulating dense gas dispersion, in the initial phase the released material is quantified and parameters for subsequent dispersion calculations are established.

transition phase

In this phase, the released material is transferred from the influence of the source to that of the surrounding soil while the atmosphere has an increasing effect on the dispersion.

The jet effect, if present, enhances the evaporation which will, at high enough intensity, result in aerosol formation. This, subsequently, introduces turbulence in the jet and will enhance the mixing process with the surrounding air. As the material mixes with the air, its rate of dilution increases and a dense gas plume is formed. Since the plume is heavier than the ambient air, it will settle and hug the ground as it travels downwind. Owing to atmospheric turbulence and to that generated by friction between the spreading gas and the ground, the gas will gradually dilute to the point where its density equals to that of the ambient air and the cloud becomes neutrally buoyant. At this point the plume will lift off from the ground and will enter the next phase of dispersion.

In order to properly describe this phase the simultaneous solution of the turbulent mass, momentum and energy transport equations are needed for three interacting media: the released material, the ground, and the atmosphere. For this reason, modest hand calculations are no longer adequate to properly account for even the most simplistic scenarios. Difficult mathematics and many simplifying assumptions are needed to achieve acceptable results, or sophisticated computer programs are run to describe this phase of the release.

dispersion phase

In this final phase, the plume is dominated by the dynamics of the atmosphere. The applicability of the dispersion models described in the previous sections, whether Gaussian or more sophisticated, will be determined by the data generated by models run for the release and transition phases. At this stage, it is important that the correct mathematical description be given of the subsequent neutrally buoyant dispersion. Some models require a specific transition from a negatively buoyant to neutrally buoyant dispersion mechanism; others account for this transition continuously.

Computer Models

There are a number of models that can address dense gas dispersion. The two most widely used computer codes are:

· ALOHA™—Areal Locations of Hazardous Atmospheres. This software is designed for Windows™ and Macintosh™ operating systems, and is distributed by the National Safety Council (NSC) in cooperation with the EPA and NOAA. It is capable of calculating the dispersion of both dense and neutrally buoyant gases. The software is available on a not-for-profit basis from the NSC to those individuals and organizations involved in the safe handling of chemicals. The Internet site of the NSC is http://www.nsc.org/nsc.

· DEGADIS—Dense Gas Dispersion Model, Tom Spicer and Jerry Havens, 1989, EPA-450/4-89-019. This program has been extensively tested and has the most general acceptance among the heavy gas dispersion models. However, the program is not as user friendly as ALOHA and requires significant expertise to interpret its results.

The heavy gas dispersion algorithm in ALOHA is based on that of DEGADIS. In order to speed up the calculations and reduce the requirement for input data that would typically be difficult to obtain, a few simplifications were introduced that makes ALOHA different from DEGADIS.

Class Assignment

Evaluating Hazard Models: ALOHA
Using the background information obtained in the class activity on ALOHA, discuss the following questions. It is recognized that students in the class will not have had an opportunity to use ALOHA in planning or response activities. Answers should be based on the information provided in the student handouts plus information in the case study. Prepare a written response to the following questions and be prepared to discuss your responses at the next class.

Quality
· Do the results accurately reflect the event simulated under specified conditions? 

· Are limitations of the model stated in a clear, straightforward manner? Are results expressed in an easy to understand manner? Must the results be formatted for use by decision-makers? Are results outlined so the intended use may be easily understood? 

· Is the information presented in an orderly arrangement and in a form that assists the decision-maker? Is there information overload resulting from the model? 

Timeliness
· Many day-to-day decisions are time sensitive. Decisions on how to respond to situations must be made quickly. Timely information has several ingredients. Is information provided when it is needed for making a decision? 

· Is the information resulting from the model output current? Information should be up to date when it is provided to the decision-maker. 

· Is the information from the model updated as needed? When conditions change, is information provided as often as needed or at an appropriate frequency? 

Completeness


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

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

· Conciseness and detail are two additional aspects of completeness. 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? 

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

ALOHA

Areal Locations of Hazardous Atmospheres (ALOHA Ver. 5.2)

(The following description was drawn from ALOHA ver. 5.2 Help Software.)

ALOHA was developed by the U.S. Environmental Protection Agency and the National Oceanic and Atmospheric Administration to simulate airborne releases of hazardous chemicals. The National Safety Council distributes ALOHA and provides technical support. ALOHA is accepted for off-site consequence analyses required for risk management planning regulations in California, Delaware, New Jersey and Nevada. 

ALOHA uses the 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 that as an escaped cloud is blown downwind, “turbulent mixing” causes it to spread out in the crosswind and upward directions. According to the Gaussian model, any crosswind slice of a moving pollutant cloud looks like a bell-shaped curve, high in the center and lower on the sides. The following are features of ALOHA. 

· Used for heavy gas (based on DEGADIS) and neutrally buoyant (Gaussian) gas modeling; 


· Estimates source strength; 

· Used in releases from tanks, puddles, and pipes;

· Calculates indoor air infiltration;

· Contains an extensive chemical library, which is user expandable;

· Estimates gas cloud area and concentration over time in varying environmental conditions; 

· Uses weather data that can be entered by the user or directly from a meteorological station (list of “ALOHA-ready” portable meteorological measurement stations); 

· Plots toxic cloud “footprint” onto area maps; 

· Has easy-to-use graphic interface and display; 

· Includes mapping program, called MARPLOT (tm), using digitized mapping data or other mapping images; also enables customized overlays showing area facilities and vulnerable populations; 

· Available for Windows or Macintosh platforms.

Model Outputs

ALOHA plots a “footprint,” which represents the area within which the ground-level concentration of a pollutant gas is predicted to exceed your level of concern (LOC) at some time after a release begins. ALOHA footprints can be automatically scaled and displayed on a grid or scaled to a user-selected scale in ALOHA’s Footprint window. 

On ALOHA’s footprint plot, the shaded area represents the footprint itself. Dashed lines along both sides of the footprint represent uncertainty in the wind direction. The wind rarely blows constantly from any one direction. As it shifts direction, it blows a pollutant cloud in a new direction. The “uncertainty lines” around the footprint enclose the region within which, about 19 out of 20 times, the gas 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. A curved, dashed line leads from the end of one uncertainty line, across the tip of the footprint, to the end of the other uncertainty line. This line represents the farthest downwind extent of the footprint, if the wind were to shift to rotate the footprint towards either uncertainty line.

Limitations

1.
ALOHA cannot be more accurate than the information you give it to work with. But even when you provide the best input values possible, ALOHA, like any model, can be unreliable in certain situations, and it cannot model some types of releases at all. 

2. 
ALOHA’s results can be unreliable when the following conditions exist:

a.
Very low wind speeds—ALOHA’s footprint accurately depicts a pollutant cloud’s location only 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 the cloud’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 footprint. ALOHA predicts that about 95 percent of the time, the wind will not shift direction enough to steadily blow the pollutant cloud outside of either line. The wider the zone between the lines, the less predictable is the wind direction and the more likely it is to change substantially. At the lowest wind speeds acceptable to ALOHA (about 2 knots, or 1 meter per second, at a height of 3 meters), these lines form a circle to indicate that the wind could blow from any direction.

b.
Very stable atmospheric conditions—Under the most stable atmospheric conditions, there is usually very little wind and almost no mixing of the pollutant cloud with the surrounding air. Gas concentrations within the cloud can remain high far from the source. The cloud spreads slowly, and high gas concentrations may build up in 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 concentrations in low-lying areas.

c.
Wind shifts and terrain steering effects—ALOHA assumes that wind speed and direction are constant (at any given height) throughout the area downwind of a chemical release. ALOHA also expects the ground below a dispersing cloud to be flat and free of obstacles. In reality, though, the wind typically shifts speed and direction as it flows up or down slopes, between hills and down into valleys, turning where terrain features turn. In urban areas, wind flowing around a large building forms eddies and changes direction and speed, significantly altering a cloud’s shape and movement. 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 a footprint plot.

d.
Concentration patchiness, particularly near the source—No one can predict gas concentrations at any particular instant downwind of a release, because they result partly from random chance. Instead, ALOHA shows you concentrations that represent averages for time periods of several minutes (it uses the laws of probability as well as meteorologists’ knowledge of the atmosphere 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, especially near the source of a release, wind eddies push a cloud unpredictably about, causing gas concentrations at any moment to be high in one location and low in another. Meanwhile, the average concentrations are likely to behave approximately as ALOHA predicts. As the 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.

3.
Avoid using ALOHA’s Gaussian model to predict how a large heavy gas cloud will disperse. Large gas clouds that are denser than air (“heavy gases”) are not buoyant, and disperse in a very different way. They are affected by gravity and other forces besides wind and turbulence. As they 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 locations than the Gaussian model would predict. 

“Heavy gases” form vapor clouds that are heavier and denser than air. Heavy gases include not only gases with molecular weights heavier than air (the average molecular weight of air is about 29 kilograms per kilomole), but sometimes also gases such as anhydrous ammonia that are normally lighter than air, but that are stored liquefied under pressure. Liquefied gases typically escape from storage as a cold, heavy cloud containing a mixture of gas and fine aerosol droplets. A release of such a mixture is called a two-phase flow. The aerosols weigh the cloud down and make it more dense, and their evaporation cools the cloud. 

Heavy gases behave in a complicated way when they escape from storage. A heavy gas cloud first slumps away from the source in all directions, then flows downwind like water, propelled by the wind, gravitational slumping, and its forward momentum. As it moves downwind, air is stirred into the cloud, and it becomes less and less dense, eventually behaving like a neutrally buoyant gas. ALOHA takes more time to model this behavior than to predict dispersion of a neutrally buoyant gas. 

4.
ALOHA doesn’t account for the effects of:
a.
Fires or chemical reactions—The smoke from a fire, because it has been heated, rises before it moves downwind. ALOHA doesn’t account for this initial rise. It also doesn’t account for the by-products of combustion, or for chemical reactions generally. 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. 

b.
Particulates—ALOHA does not account for the processes that affect dispersion of particulates (including radioactive particles).

c.
Solutions and mixtures—ALOHA is designed to model the release and dispersion of pure chemicals only; the property information in its chemical library is not valid for chemicals in solution or for mixtures of chemicals. 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 value is used in ALOHA, the model’s release rate and dispersion estimates will not be valid.

d.
Terrain—ALOHA expects the ground below a leaking 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.

Chemical Reactivity Considerations in ALOHA

To predict how a pollutant cloud will disperse in the atmosphere, ALOHA assumes that the molecules in the cloud 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 container. However, this is not always true. 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 dispersion predictions inaccurate. 

1.
Air-Reactive Chemicals: Some of the chemicals in the ALOHA library are known to react readily with air. The reaction is rapid, and often the chemical spontaneously catches fire. The burning chemical can endanger anyone close to the point of release. A toxic cloud probably will form if an air-reactive chemical is released. If the cloud reacts with air, however, ALOHA cannot accurately predict the threat zone, since it does not account for effects of chemical reactions. 

2.
Water Reactive Chemicals: Some of the chemicals in the ALOHA library are known to spontaneously react with water. Such reactions are rapid and often produce toxic byproducts and heat. Boiling and splattering liquid can pose a special hazard to responders if a chemical spills on water or wet ground, or if water is sprayed on the chemical. Even when the available water is limited to the humidity in the air, a reaction can occur that produces toxic byproducts and affects the dispersion of the toxic cloud. ALOHA cannot accurately predict the threat zone if there is a chemical reaction.

3.
Self-Reactive Chemicals: The molecules of some chemicals join together to form larger molecules or break apart to form smaller molecules. These reactions can cause the molecular weight of molecules in a dispersing cloud to be different from that of the molecules that escaped from containment. 

ALOHA will allow you to model any reactive chemical. When you select an air- or water-reactive chemical, ALOHA will alert you that the chemical is reactive and will describe the type of reaction and reaction products to expect. ALOHA will not alert you when you select a self-reactive chemical. 

Definitions

Terms Used in ALOHA* 

The following definitions were taken from the ALOHA Help Software. 

Level of Concern or Output Concentration: A level of concern (LOC) is a threshold concentration of an airborne pollutant, usually the concentration above which a hazard may exist. ALOHA plots a “footprint,” which represents the zone where the ground-level pollutant concentration is predicted to exceed your LOC at some time after a release begins. 

The Immediately Dangerous to Life or Health (IDLH) level is the default LOC in ALOHA (check the “IDLH” help topic to learn more about this LOC). An IDLH has been established for about one-third of the chemicals in ALOHA. You may choose to use either the IDLH, when a value is available, as your LOC, or another threshold concentration. Besides the IDLH, a variety of toxic thresholds have been established by several organizations; check the references listed below to learn about some of them. You can add your own default LOC for any chemical to ALOHA’s chemical library. ALOHA then will use your LOC by default rather than the IDLH for the selected chemical. 

Threshold limits: The American Conference of Governmental Industrial Hygienists (ACGIH) publishes recommended occupational exposure limits for hazardous chemicals. The TLV, or threshold limit value, is the maximum airborne concentration of a given hazardous chemical to which nearly all workers can be exposed during normal 8-hour workdays and 40-hour workweeks for an indefinite number of weeks without adverse effects. Do not use TLV values alone to evaluate the relative toxicity of different chemicals or to identify safe or hazardous conditions during an accidental chemical release. 

TLV-TWA is the maximum allowable time weighted average concentration for an 8-hour day and 40-hour work week. TLV-TWA values are obtained either from industrial experience, from experimental human and animal studies, or from a combination of both. If a TLV-TWA level has been established for a chemical that you select, this value will be displayed on ALOHA’s Text Summary window. 

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. Meteorologists 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 atmosphere is considered “unstable,” or relatively turbulent. Unstable conditions are associated with atmospheric stability classes A and B. When solar radiation is relatively weak, air near the surface has less of a tendency to rise and less turbulence develops. In this case, the atmosphere is considered “stable,” or 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, or moderate turbulence. Neutral conditions are associated with relatively strong wind speeds and moderate solar radiation. 

Stability class has a big effect on ALOHA’s prediction of footprint size. Under unstable conditions, for example, a dispersing gas will mix rapidly with the air around it. ALOHA will display a SHORTER footprint than it would for more stable conditions, because the pollutant will be diluted more quickly below your level of concern (LOC).
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