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bstract

The objective of the MITRA (monitoring and intervention for the transportation of dangerous goods) project was to prototype a new operational
ystem for monitoring the transportation of dangerous goods in Europe based on regional responsibilities. This concept, based on systems used in
ir traffic control, aims to provide civil security centres with real-time knowledge of the position and contents of dangerous vehicles circulating in
heir area of responsibility, and, in the event of a dangerous situation, to issue warnings, alerts and crisis management information, thereby allowing

ntervention teams to react immediately with maximum safety. The project was funded by the European Commission under the 6th Framework
rogramme (STREP – specific targeted research project – under the Information Society Technologies priority). It started on 1 September 2004 and
nded on 31 October 2006. This paper presents the results of this project and the conclusions derived from the field tests carried out in Germany
nd in the French/Spanish border region in order to test the proposed operational system.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Every day, numerous trucks and trains transport large
mounts of hazardous substances. Several surveys have indi-
ated an increase in the frequency of accidents in the
ransportation of hazardous materials [1,2]. For example, a study
f 1932 accidents [3] occurring between the beginning of the
0th century and July 2004 shows that the 78% occurred in the
ast 20 years and 37% in the last decade. More than half the acci-
ents happened in road (63%) and most of them happened in the
eveloped countries. The most frequent accidents were releases
78%) followed by fires (28%), explosions (14%) and gas clouds
6%). Practically the majority of accidents (74%) were due to
ollisions.
The transportation of dangerous goods currently faces a
umber of problems. For example, in nominal situations, the
uropean civil security authorities currently do not track the
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ehicles transporting dangerous goods in a given zone and are
herefore unable to take preventive measures. This results in
otentially dangerous situations. In alert and emergency situa-
ions, the European civil security authorities have no systematic
nowledge of the nature and characteristics of the goods trans-
orted, nor the risks and effects associated with them. This may
esult in delays and/or inappropriate reactions to events, with the
ollowing human, economic and environmental consequences:

Lack of adequate precautions, intervention procedures and
schemes.
Lack of specific protection equipment.
Exposure of first rescue teams and civilian populations to
unknown hazards.
Late and incorrect information provided to civilian popula-
tions.
Loss of lives, both in civilian populations and civil security

intervention forces (especially the first intervention teams).

The objective of the MITRA project [4] was to specify and
rototype an innovative operational platform for European civil

mailto:eulalia.planas@upc.edu
dx.doi.org/10.1016/j.jhazmat.2007.07.032
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• The information provided by the OBT sensors detects a devi-

ation from the cargo recommended status.
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ecurity centres aimed at monitoring dangerous goods trans-
ortation in Europe and supporting intervention in the event of
n accident. This concept, derived from the air traffic control
omain, provides civil security centres with the following:

The location of dangerous goods circulating in their area of
responsibility: real-time knowledge of the position and con-
tents of vehicles (electronic cargo identification).
Warning and alert displays in the event of dangerous sit-
uations. This can prevent accidents by allowing preventive
measures to be taken.
Crisis-management information that allows quicker, safer and
more efficient intervention, including precise knowledge of
the situation and its potential consequences. This can protect
the lives of both citizens and intervention forces.

MITRA’s innovation is the integration of satellite navigation
ystems, telecommunications networks, geographic information
ystems, risk-knowledge databases and risk-propagation models
n a single system. All interfaces of the MITRA prototype system
ollow the INSPIRE (INfrastructure for SPatial InfoRmation in
urope) requirements.

The project resulted in a prototype consisting of three user
onitoring terminals (UMTs), three on-board terminals (OBTs),

he appropriate decision-support software modules and a risk-
nowledge platform (RKP) containing all necessary information
bout dangerous goods and propagation models. The system was
eployed in three major civil security centres (France, Germany
nd Spain) for field trials and a validation campaign, and was
ubmitted to real-scale emergency scenarios.

MITRA was primarily designed to satisfy civil security needs
n European countries. The participation of French, Spanish,
erman and Dutch civil security authorities was therefore essen-

ial to the success of the project. They provided the MITRA
artners with first-hand, practical and operational knowledge
f:

Current legislation on the transportation of dangerous goods
in the three countries participating in the project, as well as
the framework in which it is applied.
Vehicle-monitoring requirements of civil security authorities
in the three countries.
The operational crisis-management methods and procedures
currently used by civil security authorities in the three coun-
tries.

. MITRA services

MITRA services can vary according to the use and the “actor”
nvolved. The diverse actors involved in the MITRA system are
he following:

Operator. Is the person sited in the regional control cen-

tre, which is in charge of monitoring the screen of the user
monitoring terminal (UMT).
Consignor. The enterprise that consigns dangerous goods
either on its own behalf or for a third party. He or she will

•
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be in charge of providing the system with all the infor-
mation related to the cargo and the pre-planned route for
each of the planned transports. He or she will also provide
the system with the information contained in the transport
document.
Vehicle owner/carrier. He or she will be in charge of providing
the system with all the information related to the vehicle and
tank characteristics for each of the planned transports before
the transportation.
System administrator. He or she will be in charge of maintain-
ing the system and all the information needed for its correct
operation. Among others, he or she will be in charge of ensur-
ing that all the information included in the internal data bases
is up to date.
Vehicle. It will transport the dangerous good and, thus, will
be monitored by the operator. In case of road transportation it
includes the tractor and trailer and in case of rail transportation
it includes the locomotive and wagons. The vehicle will carry
part of the system (the on-board terminal and sensors) since
it must send current information related to the transport, such
as the current position and dynamic cargo information (like
amount, pressure, temperature, etc.). All this information is
transmitted via wireless applications.
Driver. Person that carriages the dangerous substance/s. He
or she drives the vehicle from the origin to the destination of
the goods according to the pre-planned route.
First responder. Reliable source of information. He or she
could be a member of the first intervention team that pro-
vides first hand information of the accident characteristics.
This information is communicated to the operator by radio or
mobile phone.
Other information providers. Any other provider of informa-
tion. He or she could be a witness of the accident.

The MITRA system considers two operational scenarios:

Nominal/alert. A nominal situation is given when no accident
happens. An alert situation is an event which can potentially
lead to a crisis situation.
Crisis. Situation requiring an action beyond the control of the
driver, involving at least one of the civil security bodies (fire
brigade, police, medical services, and civil protection) but not
requiring the involvement of all public services.

Alert situations can be declared by different ways. For exam-
le, the operator will receive an alert in case it happens one of
he following situations:

The system detects a deviation from the pre-planned route.1
The driver pushes the panic button.

1 This case has not been implemented in the MITRA prototype.
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the area controlled by the regional centre and provides this
information to the DEI. Depending on the nature of the cargo,
the RKP is asked to send related risk-assessment information
18 E. Planas et al. / Journal of Haza

Also, the operator is able to generate manually an alert after
eceiving information from the first responder, the driver or other
nformation providers.

The operator of the MITRA system is also the actor who has
o declare a crisis if a specific situation is considered by using
he established procedures to take the decision.

The MITRA system will provide regional civil security cen-
res with different services in nominal, alert and crisis situations
in the event of an accident or incident).

.1. Nominal and alert situations

In nominal situations, the MITRA system provides real-time
nowledge of the location of dangerous goods circulating in a
iven area:

Current vehicle position.
Cargo identification, characteristics and status (nature of the
transported products).
Potential risks and hazards posed by the vehicle and goods,
and the particular precautions required.

The system also provides information about the area around
he vehicle:

Occurrence of extraordinary events.
Geographical and physical characteristics of the areas the
vehicle has to or might cross.
Large human populations in the vicinity.
Presence of social infrastructure (hospitals, schools, stadiums,
etc.).
Presence of other vehicles transporting dangerous goods in
the vicinity.

The MITRA system enables two-dimensional (2D) or three-
imensional (3D) visualisation of selected areas. The default
ode is 2D; the operator may switch to 3D mode, especially

n case of an accident or incident, in order to better under-
tand the situation and analyse the potential risks. 3D pictures
ake it much easier to understand the surrounding environ-
ent, especially in mountainous areas like the Pyrenees or the
lps. In emergency situations, operators can read and analyse
D pictures more intuitively. This may prevent stress-related
isinterpretations.

.2. Crisis situations

The MITRA system provides all of the necessary information
o react immediately with precise knowledge of the situation
nd subsequent risks. This information can help regional civil
ecurity centres make safe decisions and choose the best actions,

n particular to protect the first intervention team, manage and
oordinate the various teams on the ground, and optimise the
esources deployed to fight the consequences of the accident.
his information includes the following:

(

t

Fig. 1. MITRA prototype system architecture.

The last known position of the vehicle, the precise identifica-
tion of the cargo and the intervention procedures applicable
to this cargo.
Indications of the specific precautions to be taken, as well as
the intervention schemes most suited to the type of accident.
Estimation of the effects of the accident and its impact on the
surrounding area (perimeters potentially affected).

. MITRA prototype system architecture

The MITRA prototype system relies on the following main
omponents (see Fig. 1):

On-board terminal (OBT)
Communication server (CS)
Data exchange infrastructure (DEI)
User monitoring terminal (UMT)
Risk-knowledge platform (RKP)

The OBTs are installed in the trucks and trains circulating
n the area controlled by the regional centre. The DEI and the
MTs are located on the premises of the regional civil security

entres. The CS is located in Germany and the RKP is located
n Spain.

The OBT receives the position of the vehicle from the GPS
atellite navigation system. It transmits this position and the
nique vehicle ID number to the CS via GSM/SMS,2 together
ith the values of the OBT sensors, like temperature (T), pres-

ure (P) or vehicle inclination, installed on the cargo trailer.
he identification of the cargo carried by this particular vehi-
le is stored in the DEI prior to transportation. The DEI links
he nature of the cargo to the vehicle ID. The CS multiplexes
he incoming communications from all vehicles circulating in
effect zones for the various potential scenarios, specific required

2 SMS: short message service; GSM: global standard for mobile communica-
ions.
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recautions, substance information, etc.). Other types of infor-
ation can be retrieved from external source databases, such as

he occurrence of specific events, large human concentrations,
chool transportation, etc. The UMT provides the civil security
uthorities with a complete view of the current dangerous-goods
ransportation situation in the corresponding area.

When a vehicle leaves the area controlled by one regional
entre and enters an area controlled by another, all information
oncerning this vehicle is handed over to the DEI of the next
egional centre.

.1. Maintenance of the system

The system administrator will make the maintenance of the
nternal databases and also ensure that all the external data bases
uch as extraordinary events, provide updated information all the
ime. The administrator will also configure the OBT terminal
hrough the CS interface (e.g. introduces the emergency values
f temperature and pressure of the substances transported. These
alues are needed to trigger the automatic alert based on the T
nd P values measured by the OBT sensors.).

Pre-trip information has to be introduced in the system before
ach trip. The consignor will provide information about the cargo
type, characteristics, quantity and emergency values of P and
), the pre-planned route and the transport document. The vehi-
le owner will provide information about the vehicle and tank
haracteristics.

. The RKP

In an accident situation, safety services sometimes have dif-
culty collecting information on the exact nature and quantity

f the material(s) involved and quickly determining effect dis-
ances. Some existing databases give distances (generally only
ne) but do not cover all possible situations. These distances
enerally refer to the worst-case scenario and may be difficult

1

Fig. 2. Relationship between DEI/OBT, first res
Materials 152 (2008) 516–526 519

o apply. In case of an accident, the RKP provides useful infor-
ation on the risks associated with the dangerous substances

arried by vehicles and offer effect-assessment knowledge. The
ontent of the RKP is based on two types of information (see
ig. 2):

Qualitative/static information. Main characteristics of the
goods transported, applicable precautions and intervention
procedures, suitable equipment and means to dispose of the
cargo, and recommended emergency first-aid treatment.
Quantitative decision-making information. Local information
provided by the first responder and internally available infor-
mation, including the effect distances for several predefined
scenarios.

For each type of scenario, different model types are used
o assess effect distances depending on the phenomenon (fire,
tmospheric dispersion or explosion) and the effects (thermal,
oxic or overpressure). In all cases, three parameter types are
onsidered: source term, environment and atmospheric condi-
ions. Table 1 shows the most important parameters implemented
n the MITRA system and the origin of the input in each case
DEI/OBT, first responder or default value).

The RKP does not include the effect-model equations but
ather the pre-calculated effect distances for a set of represen-
ative scenarios. Therefore, when an accident occurs the first
esponder has to provide to the UMT operator with real on-
ite information. The UMT operator will ask the first responder
by radio or mobile phone) a set of questions according to the
ollowing steps:
. Environmental conditions. One of the following options can
be selected:
• urban, industrial site or forest;
• open countries.

ponders, RKP and central safety services.
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Table 1
Input parameters required for the identification of the scenario

DEI/OBT First responder Default
value

Source term parameters
Chemicals characteristics X
Type of tank X
Quantity of chemicals X
Storage pressure X
Storage temperature X
Release conditions:

explosion, leak, fire, etc.
X

Hole diameter X
Pool diameter X
Height of breach/tank Xa

Height of release Xb

Jet direction Xc

Environment parameters
Near field Xd

Ground roughness X
Topography, obstacles Xe

Atmospheric conditions parameters
Wind speed X
Atmospheric stability X
Ambient temperature Xf

Ground surface temperature Xg

Solar flux Xh

Air relative humidity Xi

a Default value = 0 m.
b Default value = 1 m.
c Default value = horizontal.
d Default value = free jet.
e Default value = none.
f Default value = 20 ◦C (day), 15 ◦C (night).
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g Default value = 20 ◦C.
h Default value = 70%.
i Default value = 500 W/m2.

. Weather conditions (day or night). Then depending on the
parameter chosen:
• if day is selected, then follow with step 3;
• if night is selected then the cloud cover parameter is dis-

abled, then go directly to step 4.
. Cloud cover parameter. One of the following options has to

be selected:
• thin;
• moderate or complete;
• fog.
Then depending on the parameter chosen:
• if fog is selected, then the wind speed parameter is dis-

abled. Go directly to step 5;
• else continue with step 4.

t
e
t
t

able 2
efinition of the thresholds (radiation and blast effects) for the various levels of effec

evel of effects Radiation (Kw/m2)a Instantaneous radiation

1.8
3
5 0.5 LFL

a For an exposure time equal to or greater than 60 s.
s Materials 152 (2008) 516–526

. Wind speed parameter. One of the following options has to
be selected:
• high or medium wind speed (> 5m/s);
• low wind speed (< 5m/s).

. Select the breach size together with the pool size. For the
breach size one of the following options has to be selected:
• no;
• small (1/2 in.);
• large (2 in.).

For the pool size one of the following options has to be
selected:
• no;
• small (3 m);
• medium (10 m);
• large (max).

. Finally indicate whether there is a fire (yes or not) and
whether the container is exposed to fire or destroyed (yes
or not) parameters.

. In addition, optional information related to the possible num-
ber of victims and to the visual damages can be indicated.

Once the UMT operator has introduced all the responses to
he system, the RKP selects the scenario most similar to what is
appening. Six algorithms have been developed for this purpose:

The first algorithm specifies the tank characteristics.
The second algorithm defines the environmental and atmo-
spheric conditions.
The third algorithm chooses from among several phenomena
(pool, leak, container exposed to fire or container destroyed).
The last three algorithms, called pool, leak and container,
respectively, describe how to obtain specific phenomena such
as pool fire, unconfined vapour cloud explosions (UVCE) or
toxic cloud.

Detailed information about these algorithms and how they
re used can be found elsewhere [5,6]. From the information
iven by the first responder and the algorithms developed, it is
ossible to know which kind of specific phenomena (pool fire,
apour cloud explosion, flash fire, toxic cloud, jet fire, etc.) can
ake place in a given situation. Then end users obtain a set of dis-
ances (reversible, irreversible and lethal/domino effect) for the
ffect (overpressure, thermal radiation or toxic) generated for
ach of the specific phenomena linked to the situation in ques-

ion. Table 2 shows the threshold values for radiation and thermal
ffects. Only three toxic substances have been implemented in
he MITRA prototype. Table 3 shows the threshold values for
hese substances, some of which correspond to French legisla-

ts considered [6]

Blast (mbar) Description

30 Reversible effects
50 Irreversible effects

140 Start of lethality and/or domino effects
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Table 3
Definition of the thresholds (toxic effects) for the various levels of effects con-
sidered. Values in italics correspond to the toxicity parameter n

Substance Reversible effects Irreversible effects Lethal effects

30 min 60 min 30 min 60 min 30 min 60 min

Acrylonitrile 10a 10a 37b 22b 236b 139b

nc – – 1.32 1.32 1.32 1.32

Ammonia 30d 30d 500b 354b 4767b 3400b

nc – – 2.00 2.00 2.03 2.03

Chlorine 0.5d 0.5d 25b 19b 160b 110b

nc – – 2.30 2.30 1.98 1.98

a ERPG threshold, ppm.
b French threshold, ppm.
c n
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According to the dose equation: Dose = C × t, where C is the concentration,
the exposure time and n is a characteristic toxicity parameter of each substance.
d AEGL threshold, ppm.

ion values [7] while others correspond to emergency response
lanning guideline (ERPG) [8] or acute exposure guideline lev-
ls (AEGL) values [9], since European legislation does not
ndicate standard values. Nevertheless, in future implementa-
ions of the MITRA system, these values could be changed if
ew or different threshold values appear.

. Visualisation tools

The UMT software is a fully featured information system
esigned for mapping and working in geographical space. It is
ased on a Windows MDI (Multiple Document Interface) and
onsists of several sub-components (see Fig. 3):

The Control Panel area is the main menu of the MITRA UMT
application.
The Lists area manages lists of all processes (building, updat-
ing, displaying) carried out for all items handled by the user

(vehicles, layers, hospitals, crises, etc.).
The 2D GIS map area shows geo-referenced information and
also provides some essential mapping functions.

Fig. 3. Main graphical user interface.

p
m
t
c
t
i

•

ig. 4. Information that can be displayed in the Properties sheet area. Left:
irtual identity card; middle: transportation document; right: OBT sensors.

By means of property sheets and dialog boxes, the Properties
sheet area builds, updates and displays all text information
given to or collected from the user.

Additional information on each vehicle in the database can
e consulted in the Properties sheet area. When a vehicle is
elected, the related additional information can be displayed for
he following (see Fig. 4):

virtual identity card;
transportation document;
OBT sensors (only if monitored).

The main feature of UMT software is access to precise real-
ime knowledge of the cargo characteristics, associated potential
azards (flammability, explosion, chemical and bacteriological
azards, etc.), potential effects (zone of dispersion, lethality,
ollution, contamination, etc.) and applicable procedures and
easures. At any time during a nominal, alert or crisis situation,

he user may want information on the potential hazards of the
argo transported by a given vehicle. Depending on the situation,
he information issued by the RKP may vary. This information
ncludes the following:

Static RKP data, which is available at any time, in any sit-
uation, and gives real-time information to local emergency
call services. This data is divided into several parts by CAS
number (see Fig. 5):
◦ substance identification;
◦ physicochemical characteristics (substance behaviour);
◦ hazard identification: generic information;
◦ hazard identification—acute toxicity threshold;
◦ first aid;
◦ intervention in terms of medical aspects and the fire
brigade’s tasks;
◦ transportation conditions;
◦ effect distances for the worst-case scenario for the sub-

stance involved.
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trials:

• The M3S test vehicle (Opel Zafira) was equipped with one
OBT, thus simulating a tank truck carrying 1 t of chlorine. The

3 The potential users of MITRA requested a horizontal position accuracy of
better than 5 m. Such an accuracy cannot be achieved with GPS alone. Only
with satellite-based augmentation systems (SBAS) this accuracy can be reached.
However, the use of SBAS signals transmitted by GEO satellites has its limi-
tations. In urban or mountainous areas, the visibility of the GEO satellites is
Fig. 5. Static RKP data.

Dynamic RKP data, which includes effect distances in cri-
sis situations. Based on simple on-site observation by a first
responder (a non-chemical specialist), effect distances for var-
ious hazardous scenarios (fire, explosion, toxic release, etc.)
are established for the following:
◦ overpressure effects;
◦ thermal effects;
◦ toxic effects;
◦ worst case.

In a nominal or alert situation, the potential affected area cor-
esponds to the static part of the RKP and the worst-case effect
istances are used to display the three circles corresponding to
ethal, irreversible and reversible effects (see Fig. 9, correspond-
ng to the field trial). The three effect distances are drawn on the

ap in different colours. Inside each effect circle, the distance
s displayed in meters.

In a crisis situation, the potential affected area corresponds
o the dynamic part of the RKP. The user can choose to display
ne of the real situation effect distances on the map (see Fig. 10,
orresponding to the field trial):

overpressure effects;
thermal effects;
toxic effects 30 min;
toxic effects 60 min;
worst situation.

More detailed information about the UMT software can be
ound elsewhere [10].

. Validation campaign: rail and road field tests
A MITRA validation campaign was organised in order to
erify that the MITRA system meets user requirements, in par-
icular that the rescue teams and intervention forces are satisfied

f
T
p
m
u

s Materials 152 (2008) 516–526

ith the information provided by the MITRA system and that
nformation can be efficiently exchanged between the various
takeholders involved in the interventions. This campaign con-
isted of two main events:

Road and rail field trials in Germany. These field trials,
held in the region south of Munich, involved the following
activities:
◦ Assessing positioning accuracy and communication relia-

bility in urban, rural and mountainous environments.
◦ Road and railway testing at a live demonstration on 8 March

2006.
◦ EGNOS (European geostationary navigation overlay ser-

vice) SISNeT3 (signal-in-space via internet) testing.
◦ Galileo simulations, to analyse the impact of signal

availability on the performance of the currently used
satellite-based navigation system GPS and the potential
improvements to be expected with the use in the future
of coming European navigation system GALILEO on the
monitoring of dangerous goods.

Road field trials in the cross-border area between France and
Spain. These field trials, held on 19 April 2006 in Perpignan,
Le Perthus and Barcelona, involved the following activities:
◦ Involving intervention teams in the field trials so as to obtain

operational feedback on the operation of MITRA in real
conditions.

◦ Checking and validating cross-border cooperation between
France and Catalonia, as well as the interoperability of the
two regional civil security centres involved in the field trials
(Perpignan, Barcelona).

The following sections describe the French/Spanish field
ests in detail. The field tests in Germany are not described
s their objectives focused more on communications than on
isk-management aspects of the system.

.1. French/Spanish field trials

The objective of these field trials was to verify that the func-
ionalities and services of the MITRA system corresponded to
he operational needs of the rescue teams and intervention forces.
he following means were deployed for the French/Spanish field
requently interrupted, which strongly reduces the availability of SBAS signals.
o overcome this problem, the European Spatial Agency has started the SISNET
roject with the goal to provide EGNOS correction data via the Internet. With
odern wireless technologies such as GPRS it becomes possible to receive and

se the EGNOS data on a continuous basis even in areas with bad sky visibility.
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has not yet been pressed (see Fig. 7).
At 10:05: The tank truck arrives in Le Perthus and the collision

between the tank truck and the light vehicle occurs.
The driver of the tank truck presses the panic button
E. Planas et al. / Journal of Haza

OBT, which had a panic button for the driver, was installed
on the passenger seat.
Three UMTs were deployed in parallel at different sites in
order to monitor the field trials:
◦ One UMT was deployed at the Service Départemental

d‘Incendie et de Secours des Pyrénées-Orientales (SDIS
66, Perpignan). This UMT had a French human–machine
interface and enabled French intervention forces to follow
the execution of the field trials. One part of the MITRA
team, stationed at SDIS 66, played the role of the French
UMT operator, i.e. received the OBT alert and informed
the SDIS 66 fire-fighters.

◦ One UMT was deployed at the Centre d’Emergències de
Catalunya (CECAT, Cerdanyola del Vallès, Barcelona).
This UMT had a Catalan human–machine interface and
enabled Catalan intervention forces to follow the execu-
tion of the field trials. A second part of the MITRA team,
stationed at CECAT, played the role of the Spanish UMT
operator, i.e. received the OBT alert and informed the
CECAT fire-fighters.

◦ Another UMT was deployed in the Reception Room of the
cross-border city of Le Perthus. This UMT had a French
human–machine interface and enabled the third part of the
MITRA team, stationed at the accident site, to follow the
execution of the field trials.

The M3S test vehicle simulated the movement of the tank
ruck along its journey from Perpignan to Le Perthus, located
pproximately 20 km south of Perpignan in a mountainous area.
n Le Perthus, a collision with a light vehicle was simulated.

In order to test the reaction of intervention teams under real
perational conditions, a real tank truck was used and a real light
ehicle (previously extracted from an accident) was wrecked in
e Perthus. The day before the French/Spanish field trials, the
rench SDIS 66 fire-fighters in Perpignan loaded the real tank

ruck and wrecked light vehicle onto a low loader and brought
hem to the accident site in Le Perthus in order to simulate the
amaged truck and vehicle. The tank truck was filled with one
on of water (with a small amount of liquid bleach) in order to
imulate the chlorine cargo. A breach was opened in the tank
nd a pool of water formed in the car park. This pool simulated
he pool of chlorine.

When the M3S vehicle arrived in Le Perthus, it stopped in the
ar park where the accident was being simulated. The driver of
he vehicle (a person from M3S) pressed the panic button of the
BT to simulate the collision with the light vehicle. The Span-

sh CECAT fire-fighters asked for these French/Spanish trials
o be strictly confidential, since they wanted to use them as a
ilot exercise. As a result, the fire-fighters sent to the accident
ere not informed that it was simulated. This ensured that they
ehaved as if the accident were real in order to test the reaction
f the teams under real conditions. The scenario used for these
rench/Spanish field trials aimed to test the following issues:
Panic button alert transmission to the SDIS 66 and CECAT
control centres and simultaneous viewing in both control cen-
tres.

F
p
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Knowledge of the accident situation:
o exact location of the accident.
o identification of cargo (nature of product, initial amount,

etc.).
Ergonomics of the UMT and human–machine interface.
Pertinence and relevance of the information provided by the
RKP (recommended emergency treatment, intervention pro-
cedures and precautions).
Relevance of the effect distances calculated by the RKP.
Engagement of the intervention teams on the basis of the infor-
mation provided by the MITRA system to the operational
centre.
Collection and exploitation of the information provided by
the first responder to the fire control centre.
Transfer of information from the fire control centre to the
intervention teams (additional information to improve the
efficiency of operations).
France/Spain cross-border cooperation.

.1.1. Field trial evolution

At 9:00: The simulated tank truck leaves Perpignan and drives
southbound towards Spain.

At 9:15: The movement of the simulated tank truck driving
southbound towards Spain is monitored on the French
UMT deployed at the French fire brigade in Perpig-
nan (SDIS 66). The operator interrogates the RKP,
available both in French and Catalan, in order to
obtain information about the transported substance
and its physicochemical characteristics (see Fig. 6).

At 9:58: As the tank truck approaches Le Perthus, the situation
is still normal (i.e. the accident has not happened yet).
The onboard sensors (pressure, temperature, shock
and verticality) are still normal and the panic button
ig. 6. View of static RKP data (substance identification and physico-chemical
roperties) during the French/Spanish field trial.
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• The panic button alert was automatically transmitted by the
MITRA system to both the French fire-fighters (SDIS 66) and
the Catalan fire-fighters (CECAT). The alert was transmit-
ted within 2 min of the accident. The fire-fighters considered
ig. 7. UMT main screen shown when the tank truck is approaching Le Perthus
nominal situation).

of the OBT. A pool of chlorine appears in the car park
(see Fig. 8). The driver of the light vehicle remains
trapped in the vehicle.

t 10:05: The operators at the French fire brigade (SDIS 66)
and at CECAT in Barcelona view the shock alert
and the panic button alert on the UMT. The MITRA
system automatically calculates the worst-case effect
distances (see Fig. 9).

t 10:05: A local witness calls the 112 emergency number and
provides information about the local conditions of the
accident. This information is entered in the MITRA
system by the operator at SDIS 66 in order to cal-
culate the effect distances associated with the local
conditions of the accident (see Fig. 10).

t 10:07: The first Le Perthus rescue teams (fire-fighters and
gendarmerie) arrive at the accident site and define a
safety perimeter.

t 10:12: The rescue teams from La Jonquera (Spain) arrive at
the accident site.

t 10:13: The operator at SDIS 66 views the cargo alert on the

UMT, which indicates a cargo leak.

t 10:20: The Le Boulou rescue teams arrive at the accident
site.

ig. 8. Scenario representing the collision between the tank truck and the light
ehicle with a detail of the chlorine leak.

F
o

ig. 9. Worst-case effect distances for chlorine shown automatically in an alert
ituation.

10:20–10:45: The Le Boulou and La Jonquera rescue teams
perform their operations in close transborder
cooperation. The victim is extracted from the
wrecked light vehicle.

At 10:45: The Cellule Mobile d’Intervention Chimique
(CMIC) arrives at the accident site and performs
operations related to chemical risks (shutting off
the leak).

.1.2. Field trial analysis
The conclusions of the French/Spanish field trials presented

ereafter are based on the operational feedback and comments
f the French and Catalan fire-fighters:
ig. 10. RKP-generated effect distances corresponding to the local conditions
f the accident.
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this time delay satisfactory and compliant with the current
operational procedures.
The alert was viewed simultaneously by the French fire-
fighters (SDIS 66) and the Catalan fire-fighters (CECAT).
This demonstrates that several UMTs can be operated simul-
taneously in different countries.
The fire-fighters considered the ergonomics of the UMT,
and especially the human–machine interface, satisfactory. In
particular, they noted that the human–machine interface com-
plied with their current operational procedures.
In the event of an accident, the MITRA system gave the
fire-fighters improved knowledge of the accident situation by
providing them with:
◦ The exact location (address and GPS coordinates) of the

accident.
◦ The identification of the product involved (nature of prod-

uct and initial amount).
◦ Recommended emergency treatment.
◦ Adapted intervention procedures and precautions.

This enabled the fire-fighters to increase the efficiency of
their operations.
The 112 emergency call by the local witness was success-
fully received at the SDIS 66 in Perpignan and enabled the
collection of useful information on the local conditions of
the accident (wind, weather, breach size, pool size, etc.).
The SDIS 66 transferred this information to the intervention
teams at the accident site, thus enabling them to improve the
efficiency of their operations and react immediately without
risk. This information may eventually save the lives of both
fire-fighters and civilians.
Based on the information provided by the MITRA system,
the fire-fighters were able to engage a sufficient number of
intervention teams in a manner appropriate to the situation.
Cross-border cooperation between French and Catalan fire
brigades and intervention forces was demonstrated for the
first time in the context of a common cooperation protocol.

As a conclusion, the French/Spanish field trials clearly
emonstrated the interest of the MITRA system for fire brigades
nd intervention teams. During the various debriefings, the fire-
ghters emphasised the benefits of MITRA, thus showing that

he system efficiently fulfils real and identified needs. In addi-
ion, these field trials demonstrated the need to capitalise on
he results of the MITRA projects in order to push toward the
ndustrialisation and operational deployment of the system.

The main areas for improvement identified by the fire-fighters
ere related to the effect distances provided by the RKP:

The worst-case effect distances, which are sometimes very
large, might not satisfy the needs of intervention teams
under real conditions because the size of the effect distances
might worry the operator in the command centre, who might

therefore trigger the intervention of too many rescue teams.
Likewise, the operator in the command centre might also not
‘believe’ the calculated effect distances and therefore fail to
trigger sufficient intervention teams.

•

•
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The effect distances (worst-case or based on the local condi-
tions described by the first responder) provided by the RKP
are calculated only in 2D and not in 3D and thus do not take
into account the numerical terrain model. The fire-fighters
would appreciate the availability of 3D visualisation.
The fire-fighters noted that some fire brigades have already
developed their own models for calculating effect distances.
These models are different from those used by the RKP.
As a result, the legitimacy of the MITRA effect distances
under operational conditions might be questioned by some
fire-fighters.

. Conclusion

The MITRA system was developed by a European con-
ortium and was one of the first initiatives to bring together
ivil-protection and crisis-management organisations. There-
ore, MITRA helped structure risk-management exchanges and
ooperation between EU member states. The MITRA system
emonstrated what today’s technology can do and provides a
review of what might be possible in the future (e.g. using
alileo or next-generation communication systems).
MITRA will provide institutional authorities with the nec-

ssary tools to improve emergency response by providing
nowledge of the characteristics of dangerous goods and of the
ssociated risks and effects. More importantly, it will provide
eal-time expertise and support to decision-makers and emer-
ency teams.

Two field tests were carried out, in Germany and in the
rench/Spanish border region, in order to assess the various
unctionalities of the MITRA system. During both field tests,
he functionalities described in this paper worked properly with-
ut any problems and the invited user communities provided
uite positive feedback. In general, the MITRA system proved
elpful in monitoring the transportation of dangerous goods and
roviding operational support to rescue forces in the event of an
ccident or other emergency. Cross-border cooperation between
rench and Catalan fire brigades and intervention forces was
uccessfully demonstrated for the first time in the context of a
ommon cooperation protocol.

Deploying MITRA in regional civil security centres in
urope is expected to:

Improve the safety of dangerous-goods transportation in
Europe by providing alerts in the event of potentially danger-
ous situations (accident prevention), thus making it possible
to save the lives of intervention forces and civilians.
Improve the efficiency and speed of operations and interven-
tions in the event of an accident by providing the necessary
information to support the decision-making process of inter-
vention/rescue teams.

Help improve interoperability between regional civil security
centres based on INSPIRE interface requirements.
Pave the way for changes in European legislation on
dangerous-goods transportation.
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