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Introduction 
The U.S. Environmental Protection Agency (EPA) published the Risk Management Program (RMP) rule on 
June 20, 1996.  Ammonia is exempted from this rule only if it is stored by farmers and not intended for resale.  
This chemical has significant industrial applications and may be stored or processed under a wide range of 
temperatures and pressures.  Depending on process conditions, ammonia may be released as a neutral buoyant 
gas or a heavier-than-air vapor cloud.  According to the records of Accidental Release Information Program, 
ammonia is the number one chemical involved in reportable accidental release incidences.  Significant research 
studies have focused on the source behavior of ammonia releases.  Valuable data from these studies have been 
applied to quantify releases of ammonia.  This paper provides an overview of the technical issues associated 
with ammonia release sources and evaluates various source term analyses provided by models such as 
HGSYSTEM,1 TSCREEN,2 and ALOHA.3   

Thermodynamic Properties of Anhydrous Ammonia 
At atmospheric pressure and temperature, anhydrous ammonia is a colorless gas with a pungent odor.  This 
chemical is used in a wide variety of industrial processes and in agriculture.  Ammonia can be compressed or 
cooled to a colorless liquid.  Pure gaseous ammonia is lighter than air; therefore, a cloud of pure ammonia 
normally will rise into the atmosphere.  However, depending on the pressure and temperature of the release 
source, denser-than-air mixtures of air and ammonia may also be formed.  Water vapor may condense out of an 
air-ammonia mixture because of the cooling effect of evaporating ammonia, causing localized fog downwind 
from the release source.  The important physical and chemical properties of ammonia are presented in Table 1.4   

Ammonia Release Scenarios 
Depending on the storage/process conditions, ammonia can be released in various forms as illustrated in Figure 
1.  Table 2 summarizes a range of possible source scenarios for ammonia accidental releases. 

Single-Phase Gas Release 
A single-phase release consists of only gaseous ammonia, which is lighter than the ambient air.  A gas release 
may occur when ammonia is released from a small puncture where ammonia is stored or transported in gaseous 
form.  If the system is not heated, the liquid ammonia temperature will drop due to continuous vaporization in the 
system, which will decrease the system pressure and reduce the release rate.  The gaseous ammonia release 
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rates from a tank or pipeline rupture can be calculated as a function of time and pressure drop inside of the 
system.  As the source system depressurizes after a rupture, ammonia will first be released as a choked flow 
then become a non-choked flow after the pressure in the system dropped below the critical pressure ratio.  In 
order for choked flow to occur, the choked flow pressure ratio must be greater than the value calculated by 
Equation 1.  Equation 2 can be used to calculate a gas discharge rate under choked flow conditions.  Under 
non-choked flow conditions, the maximum flow rate can be calculated by Equation 3.5  The release temperature 
drop resulted from the transition from higher pressure down to the atmospheric pressure, can be determined by 
the ammonia enthalpy-pressure diagram.  The choke flow velocity is limited by ammonia’s sonic velocity. 

Two-Phase Aerosol Release 
A two-phase release often occurs when ammonia is released from the pressurized liquid phase.  Figure 1 shows 
three different ways liquefied ammonia can be released to the atmosphere to form a two-phase aerosol jet.  
Several major studies6,7 have shown that the ammonia aerosol contains a significant fraction of ammonia 
droplets that can occupy as much as 80% of the ammonia mass, especially if the entire contents of a vessel are 
relieved within a very short period, such as in a tank rupture.  It has also been shown that even when the liquid 
fraction is as low as 16% of the mass, the cloud will remain denser than air throughout its dilution.  Therefore, a 
two-phase anhydrous ammonia release is commonly modeled as a dense gas release.  The aerosol in the cloud 
reacts with the moisture in the atmosphere, producing heat and aqueous ammonia aerosols.  The rate of 
evaporation of these aerosols is a function of dilution of the vapor cloud by the ambient air as well as the relative 
humidity of the atmosphere.   

Liquid Spill over Land 
Ammonia is often stored at a temperature near its boiling point under refrigeration, especially for barges and 
large storage tanks.  When refrigerated ammonia liquid is released to form a pool, it starts evaporating 
immediately.  The initial evaporation rate is driven by heat transfer to the fluid.  Though the primary heat transfer 
mechanism is conduction from the ground, other heat transfer mechanisms such as convection and radiation also 
contribute to the heat necessary for vapor formation.  The liquid boil off rate at this stage can be determined 
from the heat flux due to the various heat transfer mechanisms and the heat of vaporization for the liquid.  As the 
liquid evaporates, there is a drop in temperature to account for the heat of vaporization.  As the temperature 
drops, the ground cools and ice crystals, which hinder heat transfer, may form.  When this drop in temperature 
occurs, liquid evaporation is now controlled by convective mass transfer.  The amount of liquid evaporated from 
the pool to the atmosphere can then be determined by using appropriate mass transfer relationships, such as the 
equations used in the SPILLS model. 

Liquid Spill onto Water 
Ammonia is very soluble in water producing a caustic ammonium hydroxide solution and releasing heat of 
solution.  Cryogenic ammonia is often transported by barge and stored at a facility near surface water.  These 
barge and storage facilities normally can hold a large amount of ammonia (over 2000 ton).  When ammonia is 
spilled onto water, 50-60% of the material will dissolve in the water.  This will generate heat of solution that 
provides the necessary latent heat for evaporation of the remaining ammonia.  Several studies were conducted 
to address the fate of liquid  ammonia spills over water.8,9  
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Example Source Analysis  
Throughout the years, numerous studies has been carried out for ammonia accidental releases and mitigation 
control.  Various models can be used to quantify ammonia source parameters.  This paper compares the source 
term parameters calculated by different computer programs to benchmark the differences between these 
models.  Three computer programs, TSCREEN, ALOHA, and HGSYSTEM are applied with the simple 
pressurized ammonia release scenario summarized in Table 3.  A brief description of these models is provided 
as follows. 

TSCREEN 
This program was developed by the EPA as a screening modeling system for toxic releases.  This is an 
interactive model that allows the user to select a modeling scenario, determine source parameters, and apply a 
system of selected dispersion models to calculate downwind concentrations.  This system provides a good 
source term analysis program for a wide variety of sources including two phase release sources.  However, the 
source term calculation program only calculates the initial maximum release rate after an rupture incident.  
Therefore, this program cannot provide the time-depend release rates for leaks from a pressurized tank. 

ALOHA  
Areal Locations of Hazardous Atmospheres was developed by the National Oceanic and Atmospheric 
Administration (NOAA) and the U.S. EPA.  There are five menus from which the user may input data for a 
model run.  These menus are “Chemical,” “Site Data,” “Atmospheric,” “Source,” and “Computational.”  The 
release type is selected from the “Source” menu.  The three options under this selection are pool evaporation, 
liquid or gas release from a tank, or a gas leak from a ruptured pipe.  If the user is unsure of the release type, a 
direct release option can be specified.  By selecting a release from a storage tank, the program will calculate the 
release rate as a function of time.  The release can then be modeled as a transient release by a dispersion model. 

HGSYSTEM 
This program is a system developed by Shell Research Limited in conjunction with the American Petroleum 
Institute and major chemical companies.  This model consists of the following nine distinct modules: 

 
• DATAPROP physical properties database 
• LPOOL evaporation from a boiling or non-boiling liquid pool on land or water 
• SPILL source model for pressurized vessels 
• HFSPILL source model for pressurized HF vessels 
• AEROPLUME jet release dispersion for ideal gas, multi-compound, two-phase mixtures 
• HFPLUME jet flow, near-field dispersion of HF 
• HEGABOX instantaneous releases 
• HEGADIS ground-level heavy gas dispersion 
• PGPLUME elevated passive dispersion 

 
To calculate source parameters from a two-phase release, the user can start with the DATAPROP module to 
enter ammonia as the chemical for the analysis.  The SPILL module is then used to simulate a liquid discharge 
from a reservoir that initially contains a two-phase fluid.  SPILL acts as a front end for the AEROPLUME 
module, which can then simulate the jet release dispersion of the two-phase release. 
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Results and Discussion 
The initial maximum release rates and other model reported source parameters from the three models are 
summarized in Table 4.  The ALOHA simulated time-dependent release rates are presented in Figure 2.  The 
time-dependent release rate from HGSYSTEM are shown in Figure 3.  

 
As shown in Table 4, the maximum initial release rates from both ALOHA and TSCREEN are over 40 kg/s, 
while HGSYSTEM calculates an initial maximum release rate of 9.9 kg/s.  This is due to the density used for the 
release rate calculation.  HGSYSTEM applies the two-phase mixture density while TSCREEN and ALOHA 
both apply the liquid ammonia density for the release calculations.  In addition, the time dependent release rates 
indicate the release should be simulated as an transient release since the release rate is decreasing with time.  
However, this information cannot be incorporated into TSCREEN, which models the release as a continuous 
release at the initial maximum release rate.  Therefore, the resulting downwind concentrations from TSCREEN 
are higher than those calculated by the other models. 

Conclusion 
The U.S. EPA proposed risk management program requires modeling analysis for both worst case and more 
likely alternative release scenarios.  For ammonia, these scenarios may include single-phase and two-phase 
releases, choked and non-choked flows, as well as flashed emissions and evaporation from a liquid pool. This 
paper summarized various possible scenarios for ammonia accidental releases.  Three computer models are 
applied to calculated ammonia release rates from a two-phase release example case.  As shown in this paper, 
different models provide different source parameters that will lead to different modeling results.  Therefore, users 
will need to apply good engineering practice when choosing a model to simulate a release scenario. 
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where: 

m  = Discharge rate, kg/s 

Cd  = Discharge coefficient 

Ah  = Opening area, m2 

ρ0  = Density, kg/m3 

 
Equation 3: 
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Table 1.  Thermodynamic properties of anhydrous ammonia. 
 

Properties Value 
Molecular weight 17.03 g/g-mol 
Vapor pressure 8.77 atm @ 294.4 K 
Liquid density 0.682 g/cm3 
Normal boiling point 239.8 K  
Specific heat of vapor @ constant volume 1,660 J/kg-K 
Specific heat of vapor @ constant pressure 2,170 J/kg-K 
Specific heat of liquid @ constant pressure 4,294 J/kg-K 
Latent heat 1,370,840 J/kg 

 

 

Table 2.  Possible source scenarios for ammonia accidental releases. 
 

Source Type Release Scenario 
Single-phase lighter-than-air 
gas jet 
 

• Rupture of a pressure relief valve on a pressurized storage vessel above 
liquid level 

• Release from low-pressure pipe/valve containing gaseous ammonia 
Two-phase heavier-than-air 
aerosol vapor cloud 

• Rupture in a pressurized storage vessel on or below liquid level 
• Release from pipe/valve containing liquefied gas 
• Pressurized liquid released instantaneously from a large hole that partially 

flashes to form a vapor cloud with remaining liquid disassociating into 
small liquid droplets 

Cryogenic liquid spill • Rupture in a refrigerated storage vessel below liquid level 
• Release from a refrigerated liquid pipe/valve 
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Table 3.  Example ammonia two-phase release scenario 
 

Parameters Value 
Process equipment Pressurized Tank 
Tank height 20 ft 
Tank diameter 10 ft 
Storage quantity 50,000 lb 
Release source Small liquid pipe 
Release point height 10 ft above tank bottom 
Release hole diameter 2 inch 
Tank storage temperature 25 °C (ambient) 
Pressure inside the tank 150 psia (saturation pressure @25 °C) 

 
 
 
Table 4.  Source parameters resulting from an ammonia two-phase release scenario 
 

Calculated Source Parameter TSCREEN ALOHA HGSYSTEM 
Initial Release Rate (kg/s) 43.4 41.0 9.9 
Discharge Temperature (K) 239.8 * 239.8 
Flashed Vapor Fraction 18.24% * 18.46% 
Two-phase release density (kg/m3) 4.72 * 4.66 
Flash Jet Velocity (m/s) NA * 199.1 

*ALOHA does not provide most of the data in its output. 
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Figure 1.  Possible ammonia release scenarios from a pressurized tank. 
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Figure 2.  ALOHA printout for time dependent release rates. 
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Figure 3.  Time-dependent release rate calculated by HGSYSTEM. 
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