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El presente trabajo no pretende reemplazar al manual de usuario, fue preparado como
una guia rapida al programa de simulacion ALOHA de la EPA para los estudiantes de la cate-
dra “Disefio, Simulacion, Optimizacion y Seguridad de Procesos” de la carrera de Ingenieria
Quimica de la Facultad Regional Rosario de la Universidad Tecnologica Nacional de Argen-
tina.

ALOHA (Areal Locations of Hazardous Atmospheres) forma parte de una suite junto
a CAMEO y MARPLOT. El primero se encarga de simular los escenarios de consecuencias
de pérdidas de contenido (LOC), el segundo suministra datos de seguridad de diferentes sus-
tancias mientras que MARPLOT muestra los resultados en un mapa.

Ni bien iniciado el programa nos surge esta pantalla de advertencias:

r N

ALOHA's Limitations

Use caution in interpreting the model's predictions, particularly
under the following conditions :

very low wind speeds

very stable atmospheric conditions

wind shifts and terrain steering effects

concentration patchiness. particularly near the source

The model does not incorporate the effects of :

chemical reactions
particulates

chemical mixtures
terrain

hazardous fragments Help

Click on "OK™" to acknowledge and continue... Ok

Ahi se advierte para los casos en donde:

velocidades del viento son muy bajas

condiciones atmosféricas son muy estables

cambios de viento y efectos de direccion del terreno

irregularidad en la concentracion, especialmente cerca de la fuente

Por otro lado no contempla:
e reacciones quimicas
e particulas
e mezclas quimicas (s6lo escape de sustancias puras)
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e terreno (s6lo a través del pardmetro de rugosidad, no en detalle)
e fragmentos peligrosos (escombros).

Los menus “File” y “Edit” son comunes a muchos programas:

|f File | Edit SiteData SetUp Display ¢
Mew Ctrl+M
Open... Ctrl+0
Close Ctrl+W
Save Ctrl+5
Save As...
Export Threat Zones...
Print... Ctrl+P
Print All...
Print Setup...
Exit Alt+F4

| [‘File [Edit) SiteData Setup
Undo

Cut
Copy Ctrl+C
Paste

Clear

El menu “SiteData” tiene 3 opciones:

Eile Edit tﬁite[}ata SetUp  Dis

Location... Ctrl+L
Building Type...
Date & Time... Ctrl+E

En “Location” se selecciona el lugar en donde se simulara el evento, por defecto son
todas ciudades de EE.UU:
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i N

Location Information

ABERDEEN, MARYLAND - select

ABILENE, TEXAS B

AIKEN, SOUTH CAROLINA

ALAMEDA, CALIFORNIA Cancel
ALBANY, NEW YORK

ALBANY, OREGON
ALEXANDRIA BAY, NEW YORK
ALEXANDRIA, LOUISIANA
ALEXANDRIA, VIRGINIA Modify
ALLEN, TEXAS B A
AMBLER, PENNSYLVANIA

AMES, 10WA Delete
AMESBURY, MASSACHUSETTS E—
ANACONDA, MONTANA

ANAHEIM, CALIFORNIA - Help

Add

No obstante pueden agregarse sitios propios, a través del boton “Add”, por ejemplo
para la localidad de San Lorenzo, provincia de Santa Fe:

F .

Location Input

Enter full location name:

Location is |SAN LORENZOQ

Is location in a U.5. state or territory ?
" In U.5. * Motin U.5.

Enter approximate elevation
Elevation is |31 Cft &m

Enter approximate location

deq. min.
Latitude |32 46.0 ¢ N & 3
Longitude |60 430 T E W

0K Cancel Help

Una vez agregada quedara disponible para futuros trabajos.
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F N

Location Information

ROUND ROCK, TEXAS i Select
SACRAMENTO, CALIFORNIA —
SAGINAWY, MICHIGAN

SALEM, MASSACHUSETTS Cancel
SALEM, OREGON
SALINAS, CALIFORNIA
SALT LAKE CITY, UTAH
SAN ANGELO, TEXAS
SAN ANTONIO, TEXAS . Modify
SAN BRUNO, CALIFORNIA

SAN DIEGO, CALIFORNIA l

SAN FRANCISCO, CALIFORNIA L4 Delete
SAN JOSE, CALIFORNIA —

SAN LOBRENZO, ARGENTINA

SAN LUIS OBISPO, CALIFORNIA i Help

Add

En la opcion “Building Type”:

. "

Infiltration Building Parameters

Select building type or enter exchange parameter

" Enclosed office building M

f+ Jingle storied building
" Double storied building
~

No. of air changes is | per hour

Select building surroundings Help

" Sheltered surroundings [trees, bushes, etc.]
* Unsheltered surroundings

OK Cancel

Seleccione el tipo de edificio o introduzca el parametro de intercambio
e [Edificio de oficinas cerrado
e [Edificio de una sola planta
e [Edificio de dos plantas
e El niimero de cambios de aire es: xxx

Seleccione el entorno del edificio
e Entorno protegido (arboles, arbustos, etc.)
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e Entorno sin proteccion
La opcién “Date & Time” es de extrema importancia y facilmente puede inducir a error
sobre todo si se selecciona el reloj interno:

rF ™

Date and Time Opticns

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

* Use internal clock " Set a constant time

Internal Clock Time is:

Fri Aug 22 10:17:51 2025

0OK Cancel Help

Esto es asi porque los resultados tendran en cuenta la fecha y hora en que la simula-
cion tenga lugar, por ejemplo si armamos un caso a la manana y lo guardamos al abrir el
mismo a la tarde o noche los resultados diferirdn. Por eso conviene fijar una fecha, por ejem-
plo hacer varios casos a diferentes horas dado que el momento en que se produce un accidente
puede ser incierto.

En el menu “SetUp” hay 4 opciones:

|| Eile  Edit  SiteData Display

Chemical... Ctrl+H
Atmospheric k
Source 3

Calculation Opticns...

En la opcion “Chemical se elige la sustancia de interés ya sea pura:
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o N
Chemical Information

* Pure Chemicals

Yiew:
" Soluti
olations 5E|Eﬂt
ACETAL -
ACETALDEHYDE K Cancel

ACETIC ACID, GLACIAL
ACETIC ANHYDRIDE
ACETONE Add
ACETONE CYANOHYDRIN —
ACETONITRILE

ACETOPHENONE Modify
ACETYL BROMIDE -
ACETYL CHLORIDE

ACETYLENE | Leleiz
ACETYLENE TETRABROMIDE
ACROLEIN - Help

—

O en solucion:

’
Chemical Information

" Pure Chemicals

View:
£ EaE
Solutions Select
AQUEOUS AMMONIA
HYDROCHLORIC ACID Cancel
HY'DROFLUORIC ACID —

NITRIC ACID
OLEUM

Solution Strength: I % [by Weight]

The percentage of ammonia in solution.
Allowable range is 0 to 30 percent.

Si la sustancia buscada no se encuentra se puede ingresar conociendo todas sus pro-
piedades:
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”
Input Available Information

Chemical Name: ||

Molecular Weight: I gfmol

AEGL-1 +  AFCL-1 (60 minute) Value: I

AEGL-2 i

AEGL-3 ppm -

m

Boiling Point [normal]

Critical Pressure

Critical Temperature

Default LOC-1 [rellow]

Default LOC-2 [Orange]

Default LOC-3 [Red]

Density [gas]

ERPG-1 -

Next Field 0K Cancel Help

.
Input Available Informaticn

Chemical Name: ||

Molecular Weight: I gimol

ERPG-Z2 » AECL-1 (60 minute) Value: I

ERPG-3

Flash Point ppm -

Freezing Point [normal]
Heat Cap.[gas,const.press.)
Heat Cap.[lig..const.press.]
Heat of Combustion

IDLH

Lower Explosive Limit B
PAC-1

PAC-2 -

m

OK | Cancel | Help |
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i N

Input Available Information

Chemical Name: ||

Molecular Weight: | g/mol

Freezing Point [normal] | +| AEGL-1 (60 minute) Value:

Heat Cap.[gas,const.press.]

Heat Cap.[lig..const.press.] ppm -
Heat of Combustion

IDLH

Lower Explosive Limit

PAC-1

PAC-2

PAC-3

Upper Explosive Limit

Yapor Pressure b

Next Field oK Cancel | Help

Como antes con la localizacion se agregard a la lista con el nombre que hayas suminis-
trado.
Elijamos un componente, por ejemplo metano:

i '
Chemical Information

View: &+ Pure Chemicals

" Solutions

MALONONITRILE -
MECHLORETHAMINE Cancel
MERCURY —
MESITYL OXIDE
METHACROLEIN DIACETATE Add
METHACRYLALDEHYDE E—
METHACRYLIC ACID _
METHACRYLIC ANHYDRIDE 7 Modify
METHACRYLONITRILE -
METHACRYLOYLOXYETHYL ISOCYANATE
METHANE

METHANESULFONYL CHLORIDE
METHANESULFONYL FLUORIDE ~ Help

Select

L A

En la opcion “Atmospheric” hay dos alternativas:
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I|Ei|e Edit SiteData | SetUp | Display Sharing Help

Chemical... Ctel+H |
Atmospheric 3 User Input... Ctrl+A
Source k SAM Station...

Calculation Options...

SAM es un tipo de estacion meteorologica a que puede acceder la computadora para
leer los datos del tiempo, en general se usa la “User Input...” si no se dispone de dicho equi-
pamiento o si se desea elegir algiin clima hipotético:

i .

Atmospheric Cptions

Wind Speed is : | " knots ~ mph " metersfsec Help |

Wind is from Enter degrees true or text [e.q. ESE]

Measurement Height above ground is:  Help |

~
i+ ‘i/T (" T OR  enter value : |3 feet

L * meters

Ground Roughness is : Help

* Open Country
- .
 Urban or Forest OR Input Roughness [Zo] :

" Open YWater

Select Cloud Cover : Help

L
-

- i ]
@ :@ -’Q\: |5—

0OR ¢ enterwvalue :

- - o - e (0-10)
complete partly clear
COver cloudy
0K Cancel |

La velocidad del viento puede ser en nudos, millas por hora o metros por se-
gundo, La direccion del viento se toma de la rosa de los vientos en inglés (W por oes-
te) o en grados desde el N (0°) en el sentido de las agujas del relo;j.

La altura a la que se mide el viento debe suministrarse, 3 [m] 10 [m] o cual-
quiera de eleccion (también puede ser en pies).

Para la rugosidad se selecciona el terreno como campo abierto, urbano o bos-
coso o sobre el agua. Para estos valores la rugosidad es dato si no se puede personali-
zar mediante “Input Roughtness (Zo)”.

10
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Para la nubosidad hay valores por defectos (iconos) de 10/10, 7/10, 5/10, 3/10

y 0/10 o personalizarse (ejemplo 4/10 para un 40% de cobertura).

-

Atmospheric Options
Wind Speed is : lzi " knots " mph & metersfsec  Help
Wind is from : |0 Enter degrees true or text [e.g. ESE]

Measurement Height above ground is:  Help |

T feet
o 4 r‘ 13
,I’ *-[ OR enter value : | & meters

Ground Roughness is : Help

" Open Country
I:"" "
% Urban or Forest OF Input Roughness [Zo] :

" Open YWater

Select Cloud Cover: Help
@*’ @ O

OB + enterwalue: |4

e f" - - e (0-10)
complete partly clear
COVET cloudy
0K Cancel

Al aceptar se accede a una nueva ventana:

-

Atmospheric Options 2

Air Temperature is : | Degrees « F " C Help
Stability Class is: Help | - * C " - Override
Inversion Height Options are :  Help

0
* No Inversion ¢ Inversion Present. Heightis : feet

" meters
Select Humidity : Help

UL G I
. . i« o © OR " entervalue: [ggp o
wet medium dry [0-100)

0K | Cancel |

11
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Se introduce la temperatura ambiente (en °F o °C). La estabilidad es la que resulta de
dicho valor, del viento y la hora y fecha de simulacion (de ahi la importancias de ese dato).
Sin embargo podemos “forzar” una estabilidad diferente a la sugerida (a riesgo del usuario)

mediante el boton “Override”.

Como se sabe, la temperatura de la atmosfera disminuye con la altura pero a cierto ni-

vel cambia la tendencia y empieza a aumentar. Sin entrar en detalles esta zona se llama capa

de inversion. Las nubes, por ejemplo tienden a subir en la tasa negativa pero al llegar a la capa
de inversion se desparrama no subiendo mas allad de ahi. Lo mismo pasa con los contaminan-
tes con el agravante de que si dicha capa esta a bajo nivel el mezclado y dispersion del mismo
se vuelve dificultoso dando a lugar niveles de concentracion mas altos.

Finalmente para la humedad hay valores predefinidos (99 %, 75 %, 50 %, 25 %y 5

%) o se puede introducir a mano (ejemplo 60 %).

-

Atmospheric Options 2

« C

Stability Class is: Help | 4

Inversion Height Options are : Help

* Mo Inversion

" " "

Owverride

. * feet
" Inversion Present, Heightis :  meters

Select Humidity :
) i
{

i i

1

medium dry

Help

- " OR @& entervalue : [gp o

(0-100)

ok |

Cancel |

La opcién “Calculation Options...” permite seleccionar un modelo gaussiano (gas li-
viano) o denso (gas pesado) o dejar que el programa lo elija automaticamente. Nuevamente

queda a riesgo del usuario elegir el modelo incorrecto.

-
Calculation Opticns

Select the Spreading Algorithm for Downwind
Dispersion:

{* Let ALOHA decide [select this if unsure]
" Use Gaussian dispersion only

" Use Heawvy Gas dispersion only

Cancel Help

12



Catedra: Disefio, Simulacion, Optimizacion y Seguridad de Procesos.

Ingenieria de Procesos — Dpto. de Ing. Qca. (UTN — FRRo)

Finalmente para opcion “Source” se elige el tipo de evento.

||Ei|e Edit SiteData [SetUp | Display Sharing Help

Chemical... Ctrl+H
Atmospheric *
Source 2 Direct... Ctrl+D
Calculation Options... Puddle... Ctri+U
Tank... Ctrl+T
‘ ‘ Gas Pipeline... Ctri+I

. u vineu otin ui
El modelo “Direct” es de uso general no estando vinculado a ningtn tipo de equipo
por lo que la cantidad involucrada debe conocerse o calcularse con otra herramienta.

r .
Direct Source

select source strength units of mass or volume: Help
" grams " kilograms {* pounds " tons[2,000 Ibs]
" cubic meters 1 liters " cubic feet " gallons

Select an instantaneous or continuous source: Help

" Instantaneous source &+ Continuous source

i b

Enter the amount of pollutant ENTERING THE ATMOSPHERE:  Help
{+ pounds/sec

| " poundsfmin for |60 minutes

" pounds}hr (1-60)
Enter source height * feet Help
[0 if ground source]: 0 I meters

0K Cancel

Se elige masa o volumen y unidad (ejemplo Kg). Si la fuga es instantdnea (puff) pedira
la cantidad total fugada mientras que si es continua el flujo y tiempo del evento (ejemplo 100
Kg/s durante 60 minutos) siendo 1 hora el méximos permitido.

Por ultimo se indica la altura de la fuga respecto del suelo:

13
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p
Direct Source

Select source strength units of mass or volume: Help
" grams « kilograms ¢ pounds " tons[2.000 Ibs)
" cubic meters 1 liters " cubic feet " gallons

Select an instantaneous or continuous source: Help
" Instantaneous source f« Continuous source

Enter the amount of pollutant ENTERING THE ATMOSPHERE:  Help
* kilogramsfsec

100] " kilogramsfmin for |6D minutes

" kilogramsfhr [1-60]

Enter source height li + feet Help
0

[0 if ground source]: " meters

Cancel

Ya estamos en condiciones de simular una fuga de metano en las condiciones meteo-
rologicas ya ilustradas:
Desde el menu “Display”, opcion “Threat Zone” se elige entre 3 escenarios de niveles

toxicos (mas bien concentraciones), zona inflamable y area afectada por una explosion.

-

Hazard To Analyze

Scenario:
Flammable chemical escaping directly into atmosphere.
Chemical is NOT on fire.

Choose Hazard to Analyze:

* Toxic Area of Yapor Cloud

" Flammable Area of Vapor Cloud

" Blast Area of Yapor Cloud Explosion

OK | Cancel Help

Veamos la primera:

14
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”
Toxic Level of Concern

Select Toxic Level of Concern:
Red Threat Zone
Loc: |PAC-3: 400000 ppm -

Orange Threat Zone
LoC: |PAC-2: 230000 ppm j

Yellow Threat Zone

LOC: |PAC-1: 65000 ppm ~

Show wind direction confidence lines:

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

0K | Cancel ‘ Help |

La sustancia elegida no es toxica, sin embargo graficaremos 3 niveles e concentracion
de interés (en este caso los niveles PAC o Criterios de Accion Protectora). Ademas graficare-
mos las lineas de confianza para las tres concentraciones (indican la zona dentro de la cual

puede “flamear” la pluma de contaminante):

Lol Toxic Threat Zone EI@

meters
100

wind

N
‘\

50

Ny A
. //
— P

100
0 50 100 150 200 250

meters
greater than 400000 ppm (PAC-3)
greater than 230000 ppm (PAC-2)
[_] greater than 65000 ppm (PAC-1)
— — wind direction confidence lines

15
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b

Los resultados en forma numérica se pueden apreciar en | ventana “Text Sumary’
mientras que la evolucion de la fuga en “Source Strength”

Ca Source Strength (Release Rate) o=
kilograms/minute

) 6,000

4,000 |

2,000 {
i
1
h 0

0 10 20 30 40 50 60

| minutes
4

Si bien la grafica es suficientemente clara podemos necesitar visualizarla en un mapa de la
region o el plot de la planta. Para eso se usa el MARPLOT:

File Edit 5iteData SetUp Display |Sha[ing Help
About Shared Menus...

Edit Shared Menus...

CAMEQ Chemicals
MARPLOT Help...

Go to Map

En el mapa se selecciona el punto de la fuente y desde:
File Edit Yiew Owerlays Extras Iﬁhaﬁng ] Help

| map | satellite | Topo |

Help...

Set Source Point
Set Threat Point

Delete ALOHA Objects

Go to ALOHA

Export ALOHA Objects to KML

16
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De esta manera la pluma se agrega como una capa adicional del MARPLOT super-
puesta al plano, mapa, foto, etc.

' T~ 1:';,

™

S el B |

= . ~
e, Te! PLIE!I'EG San L.cr ENnzo.

Como el viento es norte la zona afectada es al sur de la fuente. Si elegimos otro punto
de interés:
File Edit View Overlays Extras I§haling Help
About Sharing...

ALOHA Help...

Set Source Point
Set Threat Point

Delete ALOHA Objects

Go to ALOHA

Export ALOHA Objects to KML

Nos ilustrara los niveles de concentracion de dicho punto tanto dentro como fuera de
la edificacion considerada:

17
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L8] Concentration at Point
ppm
6,000
4,000
2,000
0
0 10 20 30 40 50 60
minutes
—— Outdoor Concentration
______ Indoor Concentration
At Point: East: 27.4 meters South: 104 meters

Finalmente el resumen quedara:

SITE DATA:
Location: SAN LORENZO, ARGENTINA
Building Air Exchanges Per Hour: 0.45 (unsheltered single storied)
Time: August 22, 2025 1022 hours ST (user specified)

CHEMICAL DATA:
Chemical Name: METHANE
CAS Number: 74-82-8 Molecular Weight: 16.04 g/mol
PAC-1: 65000 ppm PAC-2: 230000 ppm PAC-3: 400000 ppm
LEL: 50000 ppm  UEL: 150000 ppm
Ambient Boiling Point: -161.5° C
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2 meters/second from 0° true at 3 meters
Ground Roughness: urban or forest ~ Cloud Cover: 4 tenths

Air Temperature: 25° C Stability Class: C
No Inversion Height Relative Humidity: 60%
SOURCE STRENGTH:

Direct Source: 100 kilograms/sec ~ Source Height: 0
Release Duration: 60 minutes

Release Rate: 6,000 kilograms/min

Total Amount Released: 360,000 kilograms

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

Use both dispersion modules to investigate its potential behavior.

THREAT ZONE:

18
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Model Run: Gaussian

Red : 53 meters --- (400000 ppm = PAC-3)
Orange: 69 meters --- (230000 ppm = PAC-2)
Yellow: 131 meters --- (65000 ppm = PAC-1)

THREAT AT POINT:
Concentration Estimates at the point:
East: 27.4 meters South: 104 meters

Max Concentration:
Outdoor: 5,710 ppm
Indoor: 2,070 ppm

Veamos ahora la zona inflamable entre los niveles inferior y superior de inflamacién

(LEL=5 % y UEL= 15 % para el metano),

b Il Y parar:!

-

Flammable Level of Concern

Select Flammable Lewvel of Concern:

Red Threat Zone

LOC: |U5t:r specified ,”
I—‘[E f* percent by volume

" ppm

Orange Threat Zone
LOC: |(none) -

Yellow Threat Zone

LOC: |User specified _,J

!7 * percent by volume
] &
ppm

Show wind direction confidence lines:

" only for longest threat zone
i for each threat zone

0K | Cancel Help
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! -y ‘i"
an Lurenzu

=

En la ultima version de MARPLOT se muestra el mapa de GE directamente (se debe
tener conexion a internet) sino puede agregarse como foto sabiendo su latitud, longitud y ta-
mafo. También insertar plotplan o layout del proyecto o dibujarlo con las herramientas pro-
pias del programa.

Finalmente (y usando estos valores) la zona afectada en caso de una explosion:

Ak Aol O R sl e ) [

' L 9 —
Vapor Cloud Explosion Parameters I

Time of vapor cloud ignition: Help |

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

" known, ignition time is :

Type of vapor cloud ignition: Help |

& ignited by spark or flame
" ignited by detonation

Lewvel of congestion :

[in the flammable part of the vapor cloud] ﬂl
* congested, difficult to walk through [e.g. pipe rack. dense forest]
" uncongested, easy to walk through [e.g. residential neighborhood)

Cancel |

20
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Acé se deben introducir mas datos (no siempre disponibles) como el momento de la
ignicioén (minutos o segundos de iniciado el evento) o dejarlo desconocido.

Se indica si la ignicidn es llama/chispa o detonacion y si la zona es congestionada o
no.

Los niveles de sobrepresion dados por el programa son optativos pudiendo ponerse va-
lores para dafios a personas o equipos (fatalidades de 1%, 50% y 99 %) por ejemplo. Dejemos
€s0s:

En el receptor:

1 rosnd Domchoasa. caxkban o £ Clead Coszaxe 4 =,

L o Tovepreerire st paint e

Overpressure: 2.86 psi

At Point: East: 27.4 meters South: 104 meters

21
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Con ese nivel de sobrepresion no se alcanza el 1% de fatalidades, un 6,51 % de rotura
de timpanos, mientras que un 53 % de las estructuras se dafian y el 100 % de los vidrios.

Cabe aclarar que si selecciona un tiempo especifico la zona afectada es de simetria
circular, el dibujo ilustrado en realidad es la envolvente de todos los posibles casos de igni-
cién, de ahi su forma.

Cambiemos de sustancia quimica a benceno. En “SetUp”, “Source”, “Puddle” aparece
la ventana para charcos:

-

Type of Puddle

Scenario:
Puddle of a flammable chemical.

Twpe of Puddle

i Ewaporating Puddle;

" Burning Puddle [Pool Fire]

Potential hazards from flammable chemical evaporating from puddle:

- Downwind toxic effects
-¥apor cloud flash fire

- Owverpressure [blast force] from vapor cloud explosion

oK | Cancel Help

e

Donde podemos seleccionar charco evaporativo o de fuego. Tomando el 1° caso:

-

Puddle Input

" feet
" area
- - I.'"" d
Puddle & diameter 1S 40 ﬁ:’nﬂ;teﬁrs

Select one and enter appropriate data

* Yolume of puddle

" Awerage depth of puddle
" Mass of puddle

" gallons " liters
Volume is: |1000 J

" cubic feet = cubic meters

oK Cancel | Help
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Aqui se introduce el tamafio del charco en area o diametro, pudiendo ser en pies, yardas o
metros. También se debe ingresar la cantidad derramada ya sea en masa, espesor o volumen.
Al aceptar aparece de nuevo la ventana de las condiciones del suelo:

F =«
Ground Type, Ground and Puddle Temperature ‘
Select ground type Help

Default soil [select this if unknown]

iy

Concrete

Sandy dry soil

Moist sandy soil
Water

Input ground temperature Help

t« Use air temperature [select this if unknown]

~
-~
-~
-

" Ground temperature is |25 " F & C
Input initial puddle temperature Help

* illse ground temperature [select this if unknown]:

" Use air temperature
" Initial puddle temperature is |25 “F &C

0K Cancel |

Al correr la simulacion como ya se mostro:
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.
Hazard To Analyze

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

Choose Hazard to Analyze:

& Toxic Area of Yapor Cloud

" Flammable Area of Yapor Cloud

" Blast Area of Yapor Cloud Explosion

0K I Cancel Help

Select Toxic Level of Concern:

Red Threat Zone

LOC: AEGL—3 {60 min]: 4000 ppm v||

Orange Threat Zone
LOC: 'AEGL—2 (60 min): 800 ppm jl

Yellow Threat Zone

LOC: |AEGL-1 [60 min): 52 ppm =/

Show wind direction confidence lines:

" only for longest threat zone
& for each threat zone

Ok I Cancel
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[ 8! Toxic Threat Zone EI@
meters
500
- ™
-
300 \
- Y
- \
7
e \
100 ‘|I
o
g —_H‘\l wind
0 \\ /j ’
N — |
100
N /
~ /
~ /
~ /
300 —
s
~ S
500
200 0 200 400 600 800 1000
meters
greater than 4000 ppm (AEGL-3 [60 min]) (not drawn)
greater than 800 ppm (AEGL-2 [60 min])}
[ ] greater than 52 ppm (AEGL-1 [60 min])

wind direction confidence lines

25



Catedra: Diseiio, Simulacion, Optimizacion y Seguridad de Procesos.
Ingenieria de Procesos — Dpto. de Ing. Qca. (UTN — FRRo)

HA Threat Z

L ] S
jALOHA Threat Zone 52 ppm = AEC L-1 (50 min)+
— 7 T . B

e L

Select Flammable Level of Concern:

Red Threat Zone

LOC: IUser specified jl

lﬁi & percent by volume
" ppm

Orange Threat Zone

LOC: I[none] jl

“Yellow Threat Zone

LOC; |User specified j

 percent by volume |

1.4  ppm

Show wind direction confidence lines:

" only for longest threat zone |
@ for each threat zone

0K I Cancel Help

Nunca se alcanza la zona inflamable:
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-

[ s/ Flammable Threat Zone

Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Heavy Gas

Red : LOC was never exceeded --- (8 % by vol)
Yellow: LOC was never exceeded --- (1.4 % by vol)

En cambio si la temperatura inicial fuera de 70 °C:

G dT G d and Puddle T at
roun ¥pPe, around a u 2 | emperature
Select ground type Help

f« Default soil [select this if unknown]

" Concrete

" Sandy dry soil
" Moist sandy soil
" \Mater

:

Input ground temperature Help

* Use air temperature [select this if unknown]

" Ground temperature is |75 T F ®C
Input initial puddle temperature Help

" Use ground temperature [select this if unknown]
" Use air temperature

 Initial puddle temperature is |7 ~F &

0K Cancel
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‘8] Flammable Threat Zane El@
meters
75
e
/ Ny
/
/ AN
/ N
25 I
i
wind
0
.
25
!
\
Y 7
N A
N
=
N
75
50 0 50 100 150
meters
greater than 8 % by vol (not drawn)
[_] greater than 1.4 % by vol
— — wind direction confidence lines

A_OHA Threat Z 1.4 % by v
ALOHA Winu UI[EC[IUﬁ?ELl,U[ﬁPUeEHw Llflg.‘:im: .4 % by vol

Veamos los efectos de la explosion:
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Vapor Cloud Explosion Parameters

Time of vapor cloud ignition:

Type of vapor cloud ignition:

Help

* unknown [show composite threat zone from all possible ignition times];

" known, ignition time is :

Help

f ignited by spark or flame
" ignited by detonation

Level of congestion :
[in the flammable part of the vapor cloud)

Help

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

Cancel

[»] Overpressure (Blast Force) Threat Zone EI@
meters
150
—t —
e - /f_\\
/ X
/ N

50 !

f

| .

wind

30

150

\
f
/

\\ p//

100

0 100 200 300

meters

greater than 8.0 psi (destruction of buildings)
greater than 3.5 psi (serious injury likely)
greater than 1.0 psi (shatters glass)

wind direction confidence lines
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ALOHA WIALOHA Threat Zone 3.5 ps
AL U rémman 1 onmae

HA Threat Zone 1.

Asi, el tanque de la derecha recibe una sobrepresion maxima de 1,83 [psig], y el viento
hubiera sido desde el oeste (cceteris paribus):
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Ahora, la sobrepresion seria de 6,35 [psig] lo que significaria en la destruccion del
mismo.

Volvamos a “SetUp”, “Source”, “Puddle” y elijamos:

Scenario:
Puddle of a flammable chemical.

Type of Puddle

" Ewaporating Puddle

* Burning Puddle [Pool Fire);

Potential hazards from burning puddle [pool fire):

- Thermal radiation

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

Cancel |

T feet
" area

is: [ « yard
Puddle . o0 iop 1S [40] yards

" meters

Select one and enter appropriate data
# Yolume of puddle

i~ Average depth of puddle
" Mass of puddle

" gallons " liters
Volume is: (1000 g

" cubic feet © cubic meters

Cancel | Help |

Input initial puddle temperature Help I

" Use air temperature [select this if unknown)
& Initial puddle temperature is I ~F & C

Cancel |
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Se tom6 un area parecida al de la contencion que es cuadrada. Resulta un charco de

fuego:
—_—
(sl Thermal Radiation Threat Zone == =
meters
200
/__——__1\\
100
\ wind
| \ /
100 \
200 T
200 100 0 100 200 300
meters

greater than 10.0 kW/(sqg m) (potentially lethal within 60 sec)
1 greater than 5.0 kW/(sqg m) (2nd degree burns within 60 sec)
[ ] greater than 2.0 kW/(sq m} (pain within 60 sec)

;]_ il i R )
ALOHA Threat Zone[10
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El mismo tanque considerado antes recibe ahora una radiacion 32,8 [KW/m?].

[s! Thermal Radiation at Point == R
kW/(sq m)
40 -

30 4
20 4

10 lethal
2nd deg burns
0 it

0 10 20 30 40 50 60
minutes

At Point: East: 39.2 meters North: 15.4 meters

Tanque

En “SetUp”, “Source”, “Tank” y cargamos todos los datos:

7

Tank Size and Orientation

Select tank type and

orientation: Fphere

Wertical cylinder

Harizantal cylinder

)

& 0 o

Enter two of three values:

+——diameter————r diﬂmﬂ‘ﬂ' IBB—
length Izu
lnigth
j; volume |22,EBZ " liters * cu meters

Cancel | Help |

= feet * meters
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Enter state of the chemical: Help |
& Tank contains liquid

" Tank contains gas only
" Unknown

Enter the temperature within the tank:

Help |
 Chemical stored at ambient temperature

" Chemical stored at IE degrees TF @&¢

Cancel |

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

The mass in the tank is: I1 7,464 & tons(2,000 Ibs)

" kilograms
OR

Enter liquid level OR volume
" gallons

= The liquid

volume is: |13,145 " cubic feet
=l  liters

 cubic meters

IBI]| % full by volume

=l
Cancel | Help |

Elegimos que se forma un charco evaporativo, el vapor se dispersa por la atmosfera;

Scenario:
Tank containing an unpressurized flammable liquid.

Type of Tank Failure:

@ Leaking tank, chemical is not burning and forms an evaporating puddle
" Leaking tank, chemical is burning and forms a pool fire

" BLEVE, tank explodes and chemical burns in a fireball

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

- Downwind toxic effects
- VYapor cloud flash fire

- Overpressure [blast force] from vapor cloud explosion

0K I Cancel
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Se selecciona un tamano de orificio circular (en este caso 2 pulgadas). El orifi-
cio puede estar directamente en el recipiente o en una tuberia corta o valvula:

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

—T

e length——

& Circular opening " Rectangular opening

& inches
Izl—  feet
Opening diameter: .
" centimeters

" meters

Is leak through a hole or short pipepralve?

& Hole " Short pipepvalve

Cancel | Help |

Por otro lado el orificio puede estar a cualquier altura, elegimos el peor caso,
que es en el fondo del tanque:

‘

| The bottom of the leak is:

IE] Cin Cft T cm * m

above the bottom of the tank

i lig.level |

OR

El ||] %% of the way to the top of

the tank

Cancel | Help |

Se configura el suelo en donde estd asentado el tanque, la temperatura del suelo y del
charco como asi el tamafio del mismo. Si no se conoce:
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I -
Select ground type Help |

" Default soil [select this if unknown)

& Concrete

" Sandy dry soil
= Moist sandy soil
= Water

I Input ground temperature Help |

& Use air temperature [select this if unknown]
" Ground temperature is Im deg. T F & C

Input maximum puddle diameter or area Help |

:f: Unkr.mwn . Ot
Coimamaen W[ G
Cancel |
| =1

El escenario de interés es la formacion de nube tdxica, en este caso se grafican
los valores AEGL (Acute Exposure Guideline Levels). Estos niveles representan la-
concentracion de una sustancia en el aire que causa un nivel especifico de efectos bio-
loégicos en una poblacioén definida después de una duracion de la exposicion definida.
Tienen la intencion de representar umbrales biologicos de exposicion para la poblacion
en general.

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

Choose Hazard to Analyze:

* Toxic Area of Vapor Cloud

" Flammable Area of Yapor Cloud

" Blast Area of Vapor Cloud Explosion

0K I Cancel
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[ s Toxic Threat Zone EI@
kilometers
1
/ ey
<N
0.5 ¥
s \ _
0 [ T wind
K_‘_____ﬂ_d,/f
™. !
0.5 .
T
~ 1/
1
0.5 0 0.5 1 1.5 2
kilometers
greater than 4000 ppm (AEGL-3 [60 min])
greater than 800 ppm (AEGL-2 [60 min])
[ ] greater than 52 ppm (AEGL-1 [60 min])
— — wind direction confidence lines

Bajo la influencia del viento este (90 °) vemos que el area afectada es impor-
tante:
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Si el contenido del tanque se inflama se forma un pool fire o charco de fuego:

Type of Tank Failure T—
o —
Scenario:

Tank containing an unpressurized flammable liquid.

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

" BLEVE, tank explodes and chemical burns in a fireball

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

[if heat raises the internal tank temperature and causes the tank to fail)

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

0K I Cancel Help

De nuevo se requieren los datos siguientes (quedan guardados del escenario anterior):
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Area and Type of Leak

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

“——length——

@ Circular opening " Rectangular opening

 inches

" feet
Opening diameter: I q

 centimeters

 meters

Is leak through a hole or short pipejfvalve?

@ Hole " Short pipepvalve
0K I Cancel Help
Height of the Tank Cpening ) .

_~| The bottom of the leak is:

| lig.level |
IE] Tin T ft T em * m

abhove the hottom of the tank

OR

zl II] % of the way to the top of
the tank
Cancel | Help |

Ponemos una circunferencia de igual area que la contencion rectangular:

= ———— b
Maxi Puddle 5i .
aximum Puddle |ij .

Input maximum puddle diameter or area Help |

= Unknown e

* Maximum diameter

P i i~ yds
aximum area * meters

0K Cancel |
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Le/Thermar Rathaticn Thiear Zane =N

meters

75

T
ol

100 50 0 50 100
meters
greater than 10.0 kW/(sg m) (potentially lethal within 60 sec)
71 greater than 5.0 kW/(sq m) (2nd degree bumns within 60 sec)
[ ] greater than 2.0 kW/(sq m} (pain within 60 sec)

ALOHA Threat Zone 10.0
]

Por ejemplo el tanque superior recibe 2,78 [kW/m?]:
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[ #] Thermal Radiation at Point E@
kW/(sq m)

2 - pain

0 10 20 30 40 50 60
minutes

At Point: West: 9.06 meters North: 55.2 meters

Finalmente veremos qué pasa si el tanque explota por estar expuesto al fuego, por
ejemplo de un chorro o charco de fuego de un tanque vecino:

Type of Tank Failure

Scenario:
Tank containing an unpressurized flammable liquid.

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

+ BLEVE, tank explodes and chemical burns in a fireball

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

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

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

0K | Cancel ‘ Help |

Las 3 opciones siguientes son excluyente, por ejemplo podemos elegir la cantidad de

masa involucrada en la explosion o a qué presion o temperatura lo hace. Si conocemos la pre-
sion de rotura del tanque utilizariamos ese dato:
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BLEVE Percent Mass in Fireball

BLEYE ! Fireball Scenario:
The higher the internal tank pressure [or tank temperature] at the time of tank failure,
the larger the fireball. Any liquid not consumed by the fireball will form a pool fire.

Enter one of the following:

* Percentage of mass in the fireball: [0 %5 - 100%g)
80| %

" Pressure inside the tank at time of failure:

* psia " mmH
3.7 s e
" atm " Pa

" Temperature inside the tank at time of failure:

C F
129.1 degrees

* C

0K | Cancel Help

['s! Thermal Radiation Threat Zone =n =R (==

kilometers
4

S

wind

\
/

4 2 0 2 4 5]
kilometers

greater than 10.0 kW/(sq m) (potentially lethal within 60 sec)
greater than 5.0 kW/(sg m) (2nd degree burns within 60 sec)
[ ] greater than 2.0 kW/(sq m) (pain within 60 sec)
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&

._l.'. = o s i T ]
ALOHA Thieat Zone 10.0 KWI(s potentially lethal w m
Ay 4 R &

Cambiemos por etileno gaseoso y en “Setup”, “Source”, “Gas Pipeline” y simulemos
la fuga de un gas sin ignicion inmediata
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Scenario:
Pipeline of a flammable gas.

As the chemical escapes from the pipe, the gas

" Burning [Jet Fire]

Potential hazards from flammable gas which is not burning as it escapes
from pipeline:

- Downwind toxic effects
- Vapor cloud flash fire

- Owerpressure [blast force] from vapor cloud explosion

0OK Cancel | Help |

En la tuberia se introducen los datos de didmetro, longitud, rugosidad y de si esté blo-

queado (cantidad finita de gas) o conectada a una fuente infinita. Ademas de presion, tempe-
ratura y area del orificio:

e

Input pipe diameter

Diameter is |2 * inches ¢ cm

Help

i

Input pipe length Help
Pipe length is |1 ooo Ot i yds ' meters

The unbroken end of the pipe is Help |
" connected to infinite tank source
@« closed off

Select pipe roughness Help |

" Smooth Pipe
# Rough Pipe

Cancel |
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Pipe Pressure and Hole Size

Input pipe pressure Help |
Pressure is |5 " psia  atm  Pa

Input pipe temperature Help |

 Unknown [assume ambient]

" Temperature is |25— T F & C
Input hole size Help |

& Use pipe diameter

" Hole area is |3_-|4 square  in  cm
0K | Cancel |

Seleccionamos el escenario de dispersion (dispersion de chorro):

Scenario:
Flammable gas escaping from pipe.
Chemical is NOT on fire.

Choose Hazard to Analyze:

& Toxic Area of Vapor Cloud

¢ Flammable Area of Yapor Cloud

" Blast Area of Vapor Cloud Explosion

0K I Cancel
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Toxic Level of Concern

Select Toxic Level of Concern:

&
Red Threat Zone ppm .

" milligrams/cubic meter
LOC: I‘User specified jl m " milligramsfliter

¢ gramsjcubic meter

&
Orange Threat Zone pplr:1 .

r g meter
Loc: |User specified | [150  milligrams{liter

¢ gramsjcubic meter
Yellow Threat Zone & ppm :

" milligrams/cubic meter
LOC: |User specified j ‘100 " milligramsfliter

¢ gramsjcubic meter
Show wind direction confidence lines:

" only for longest threat zone
@ for each threat zone

OK Cancel Help

-

Lal Toxic Threat Zone E'@

meters
50

30 e

*
5
10-<£ | \. |
==y -__E_N\L wind
1 »
f
/
.

10 \\ f;

30 _/

/
[
.

50

] 20 40 &0 80 100 120
meters

greater than 200 ppm
greater than 150 ppm
[ ]

greater than 100 ppm
wind direction confidence lines

Vemos el decaimiento del flujo de salida debido a cantidad limitada que hay presente
en el tramo de tuberia simulado:
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kilograms/minute

6

4

minutes

Para un suministro infinito:
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'

['s! Source Strength (Release Rate) E\@
kilograms/minute
8 -
H
6 i
4 |
2 i
0 10 20 30 40 50 60
minutes
Lal Toxic Threat Zone E'@
meters
75
wind
75h
0 50 100 150 200
meters
greater than 200 ppm
greater than 150 ppm
[ ] greater than 100 ppm

wind direction confidence lines
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Veamos que pasa ahora si el gas que sale de la tuberia encuentra una fuente de
ignicion inmediata (jet fire o chorro de fuego):

Type of Gas Pipeline Failure - “

Scenario:
Pipeline of a flammable gas.

As the chemical escapes from the pipe, the gas

" Mot Burning

& Burning [Jet Fire]

Potential hazards from burning gas escaping from pipeline [jet fire):

- Thermal radiation

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

OK I Cancel | Help |

Vale aclarar que en Aloha el chorro siempre es vertical y hacia arriba:
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o x
Gas Pipeline Input g

Input pipe diameter

Diameter is I % inches " cm

Help

Input pipe length

Pipe length is |1I]I]I] it " wds

i

Help

* meters

The unbroken end of the pipe is

{* connected to infinite tank source

" closed off

Help

Select pipe roughness
" Smooth Pipe
* Rough Pipe

Cancel |

Pipe Pressure and Hole Size

i

Help

Input pipe pressure

Pressure is IE " psia & atm

Help |

i Pa

Input pipe temperature

&+ Unknown [assume ambient]

" Temperature is IEE

Help |

Hole size equals pipe diameter.
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e e

Select Thermal Radiation Level of Concern:

Red Threat Zone

(Maleell (10.0 kK\/[sq m] = potentially lethal within 60 sec -

Orange Threat Zone

LOC: ||5.0 Ki[sq m] = 2nd degree burns within 60 sec j

Yellow Threat Zone

LOC: |2.l] kWl[sq m] = pain within 60 sec j

oK I Cancel Help

I
[ »! Thermal Radiation Threat Zone B S
meters
15
5
wind
0
3
15
20 10 0 10 20
meters
greater than 10.0 kW/({sq m) (potentially lethal within 60 sec)
greater than 5.0 kW/(sq m) (2nd degree burns within 60 sec)
[ ] greaterthan 2.0 kW/(sq m) (pain within 60 sec)
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ALOHA Threat Zone 10.0 EE_IE

f
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