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Abstract 

The objective of the present work is to provide a hypothetical scenario for indoor dispersion 
of a highly toxic chemical which can be used as starting point for discussion, training and 
exercises for emergency services and responsible authorities. The evaporation and indoor 
dispersion of a highly toxic compound (sarin) has been simulated using a Computational 
Fluid Dynamics (CFD) approach. The possible consequences of this hypthetical scenario 
have been assessed, and some consequence management challenges discussed.  
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1     Introduction 

Chemical incidents, both in case of severe accidents or possible intentional use in terrorist 
actions, call for appropriate emergency response planning, training, and exercises. 
Identifying and analysing representative scenarios is a valuable tool for planning, 
exercises, and evaluation of crisis and consequence management, and inter-agency 
cooperation. These scenarios serve as a basis to identify appropriate protection levels and 
recommendations regarding organisation, procedures, and equipment needs, and possible 
shortcomings. Documented cases of intentional use of toxic chemicals to cause mass 
casualties are few, the sarin attack in Tokyo in 1995 by the doomsday cult Aum 
Shinrikyo being the most infamous [1]. Since the possibility of new attacks can not be 
ruled out, emergency response to terrorist actions has been included in education and 
training on both operational and strategic levels and are often based on worked-through 
hypothetical scenarios.  
 
The objectives of this study are to simulate the indoor dispersion of the highly toxic nerve 
agent sarin in a large convention centre, and analyse the possible effects and anticipated 
emergency response challenges such an incident might cause. This particular hypothetical 
scenario has been chosen for two main reasons. First, the sensitive nature of publication 
of case studies calls for caution. Indoor dispersion of sarin occurred in Tokyo in 1995 [1], 
and a similar type of scenario is used by the U.S. authorities as one of the national 
planning scenarios [2]. Hence, a novel scenario is not made public through the present 
work. Secondly, sarin constitutes a representative example of a highly toxic, odour- and 
colourless, volatile nerve agent, causing rapid onset of symptoms even upon exposure to 
low concentrations, and thus serves as an interesting and challenging case for first 
responders and medical personnel. Hence, the use of this scenario does not disclose novel 
ideas, but addresses important emergency response challenges for planning, education, 
and training purposes. 
 
In this hypothetical scenario, sarin is dispersed through the ventilation system in a large 
building. This paper presents simulation results for the evaporation and indoor dispersion 



of sarin, and a subsequent analysis of the anticipated consequences and emergency 
response challenges primarily for the first responders in such a hypothetical scenario. 

2     Agent Properties 

The nerve agent, sarin (isopropyl methylphosphonofluoridate) is an odour- and colourless 
liquid in its pure form at ambient conditions (boiling point 147 °C) [3]. Sarin is an 
organophosphate compound, and its highly toxic properties stem from the inhibition of 
the enzyme acetylcholinesterase [3, 4]. It constitutes an inhalation hazard if dispersed as 
aerosol or vapour, but can also be absorbed through the skin and pose a severe risk by 
intake of contaminated foodstuff. Symptoms of intoxication are impaired vision (miosis), 
dizziness, headache, vomiting, runny eyes and nose, bloody secretion from mouth, 
diarrhoea, fasciculation, convulsions, then respiratory arrest and finally death. The onset 
of symptoms is rapid (minutes when the route of exposure is inhalation). We have used 
publically available toxicity estimates for sarin for consequence assessment [4].  

3     Building Description 

The large building considered in this study consists of two sections, each 1800 m2, with 
different ceiling heights (see Figure 2.1 for details); 16.6 m and 9.8 m in Section 1 and 
Section 2, respectively. There is no wall separating the two sections. There are two exits 
from Section 1 to the corridor (exit X2: 3 m x 6 m and exit X3: 3 m x 8 m, respectively) 
and there is one exit (X1) from section 2 to the corridor (dimension 6 m x 5.5 m). The 
ventilation system consists of three individually operated systems for Section 1, Section 
2, and the corridor, respectively. For each system, fresh inlet air from the outside passes 
through a heat exchanger before being distributed inside the building. Immediately 
downstream the heat exchanger, the air passes through a 1m by 1m square straight duct. 
The ventilation system is assumed to operate close to full capacity with an air mass flow 
rate of 15.1 kg/s (at T = 16ºC). It is assumed that each of the three ventilation systems are 
operated in a fully balanced configuration (i.e. mass flow rate in = mass flow rate out). 
 

 
Figure 1. Schematic of the building complex. A: 14 inlets for supply of fresh air to 
Section 2; B: 19 inlets for supply of fresh air to Section 1; C: 10 inlets for supply of air to 
Corridor; D: ventilation outlets.  



3     Dispersion modelling and consequence assessment 

We assume that actors break into the main HVAC control room. A bottle of sarin is 
emptied in the ventilation duct for section 1 immediately downstream the heat-exchanger. 
The sarin evaporates and mix with the inlet air for Section 1. It is estimated using a model 
developed at FFI [5] that the evaporation rate is approximately 0.35 g/s, such that the 
entire pool will evaporate in 20 minutes. Here it assumed that the sarin (liquid density 
1.09 g/cm3) form a 1 m2 pool with thickness 0.4 mm inside the ventilation duct 
downstream the heat exchanger. Air with a constant temperature of 16 0C is flowing 
through the shaft at a speed of 12.5 m/s. 
 
The Large-Eddy Simulation (LES) modelling capability of the CFD software FLUENT 
was utilized in the present study. The Smagorinsky-Lilly dynamical sub-grid stress model 
was used on a computational grid consisting of approximately 1.8 million cells. The 
spatial resolution of the grid was 0.5 meters everywhere except in Section 1 were a grid 
refinement was performed in order to ensure that the rapid spatial variations of the flow 
field in the vicinity of the ventilation inlets and outlets, respectively, was captured. In 
these regions, the grid resolution was approximately 0.1 meters close to the inlet whereas 
0.25 meters was used in the vicinity of the outlets. 
 
In order to establish a realistic flow field at the initiation of the release, 400 time steps 
were conducted in which only fresh air exited through the inlets. At the time of release (t 
= t0), the sarin concentration level at each of the 19 ventilation inlets in Section 1 were 
specified according to the outcome of the source model. The velocity and scalar fields 
then evolved simultaneously in time until t = t0 + 20 minutes, when according to the 
source model all sarin had evaporated and the release stopped. After the release stopped, 
and the ventilation system again provided fresh air, the computations continued for 
another 30 minutes. 
 
The consequence assessment of this scenario is based on area weighted concentration 
based on an average of the instantaneous concentration field one meter above the floor 
level and the corresponding doses. The estimated possible consequences in the various 
sections of the building are given in Table 4. These consequences are based on the 
assumption that the people are uniformly distributed across each section in the 
convention centre. 
 

Table 3.1: Possible consequences based on calculated doses and toxicity estimates from 
ref [4]. 

Possible consequences Elapsed time after release 
 Section 

1 
Section 

2 
Corridor 

50 % of the exposed 
population experience vision 
impairments, i.e. pin-point 
pupils (miosis) and eye pain 

4 min 7 min 15 min 

50% experience symptoms of 
severe nerve agent poisoning, 
i.e. miosis, runny nose, 
headache, breathing 
difficulties, convulsions 

8 min 13 min 25 min 

50% exposed to lethal dose 13 min 18 min 35 min 
 



4     Consequence management challenges 

This hypothetical scenario would pose severe challenges for the emergency response 
services due to the number of casualties caused by an unknown toxic chemical. Some 
important aspects of the anticipated emergency response are discussed below, and can be 
used for further discussion among emergency services and responsible authorities. 

4.1     Alarms and response time 

Sarin is odourless and colourless (in pure form), and it is assumed that no indication of 
the event occurs, and that no detectors suitable to detect sarin are placed in the 
convention centre. Under such circumstances, the first alert will most likely be 
observation of symptoms of nerve agent poisoning (see Table 3.1). Since symptoms may 
resemble that of heart attack the first phone calls will probably report about medical 
emergencies, and the medical emergency call service directs ambulances to the location 
and alerts hospitals. Subsequently, all blue light services would be called, and the 
emergency centrals will probably suspect poisonous gas to be the cause. Ambulances, 
police and fire brigade, are expected to arrive quickly at the incident scene, in densely 
populated areas probably within 5 to 20 minutes. 

4.2     Safety of rescue personnel and the public 

Unprotected rescue personnel may themselves become casualties if not alerted and 
properly informed about the dangers at the scene. The initial key challenge for the 
Incident Commander is to identify safety zones and establish the command control post; 
decisions that necessarily will be based on limited factual information, but are crucial 
safety precautions for emergency personnel and the public in general. The availability 
and type of individual protective equipment varies both between the services, and 
between countries and regions. In this incident a key question will be whether life-saving 
medication (auto-injector administration of atropine and oxime) can be provided on the 
scene. Administration of drugs at an early stage is crucial. Treatment should commence 
as quickly as possible, but will in many cases not be given since healthcare workers may 
not have the necessary personal protection to assist possibly contaminated casualties. 

4.3     Decontamination 

The logistics regarding decontamination of patients following a massive attack using 
hazardous substances is under debate [6]. It is vital not to contaminate ambulances and 
hospitals in order to avoid secondary exposure cases. In Tokyo, medical staff experienced 
symptoms due to exposure to sarin from contaminated patients [7]. To provide efficient 
decontamination at the hazard scene, for instance by setting up mobile decontamination 
units, is time-consuming and will in general delay critical medical treatment for injured 
persons. The most important step to avoid further exposure of the victim, cross-
contamination, and exposure of others is to remove all clothing and personal belongings 
and to secure these items in sealed containers or bags. Levitin et al [6] state that this is 
the only action needed if the person only has been exposed to vapour, and not to liquid 
contaminants. A complicating factor is to decide the nature of exposure. 

4.4     Detection and identification 

A key point of the emergency response is to establish the causative agent as quickly as 
possible. Detectors operated by the first responders may be used and provide a first 
indication that the toxic compound is of the organophosphate type. The first alarm 



consists of observed symptoms in victims. Medical doctors may recognise 
organophosphate poisoning and administer appropriate drugs. However, in this case, and 
for many other toxic compounds, identification by laboratory analysis of collected 
samples is the only way to unambiguously identify the toxic chemical. Detection, 
sampling, and identification will also be important in the restoration phase in order to 
verify absence of contamination when preparing the building for normal use. 

4.5     Overload of the health system 

Persons with nerve agent poisoning require treatment and medication (atropine and 
oxime) in relatively large doses for days or sometimes months. There may potentially be 
a shortage of stockpiled medical supplies. Requests for international assistance regarding 
intensive care and supply of drugs for seriously intoxicated patients may also be issued. 
The present hypothetical scenario will result in rapid overload of health services, partly 
due to so-called “worried well” persons, who themselves suspect sarin intoxication, but in 
reality have not been exposed. The healthcare workers will also face the challenge to 
separate exposed patients from the “worried well” persons.  

5     Conclusions  

In this case study, we have simulated the evaporation and indoor dispersion of a highly 
toxic compound (sarin) using a Compuational Fluid Dynamics (CFD) approach, and 
subsequently assessed the hypothetical scenario consequences. It should be noted that the 
calculated concentrations and doses are building specific, and in particular dependent on 
the ventilation system. Construction and analysis of this type of hypothetical scenarios, is 
a valuable tool for education, training, and exercises. This case study can be used as a 
training scenario for emergency services. 
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