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Executive Summary

The Portuguese Case Study (PTCS) of the HITERM Project (WP08) focuses on the transport of dangerous substances along the A1 motorway from the CLC
 Aveiras Storage Park (from now on referred to as CLC) to Lisbon.

This is an intensely used route for fuel transportation in particular by Petrogal, in trips that start at a terminal in Aveiras and end in Lisbon. The motorway, in this stretch, is also a major link between the “sleeping” areas in the outskirts of Lisbon and the city itself. Traffic jams are not unusual in this part of the motorway.

In this document we present an overview of the scenarios that will be simulated in the Portuguese case study. A hypothetical road accident involving a Petrogal truck will provoke a spillage of fuel or the release of a toxic gas into the atmosphere. The architecture for this case study is shown in detail, evolved from the general HITERM architecture.

The technology used to implement the demonstration is presented in its various components: vehicle location, information gathering and accident simulation.

Particular emphasis is put in the mobile part of the system, the remote location of vehicles, and communication with remote clients resorting to wireless connections, both for data gathering and field personnel information. The interface with these mobile agents will make use of web-based technologies through the dynamic creation of an accident web page.

The control centre will be located at Petrogal, where the operations will co-ordinated. The field personnel will also be Petrogal’s expert teams.

Several changes on the technological and operational level have been introduced since the document’s previous version, as a result of a technical meeting between LNEC Informática, Petrogal and ESS staff, held at ESS’s site in the beginning of June 1999.

The Portuguese case study

The Portuguese case study will involve the tracking of a loaded truck heading from the CLC to Lisbon, along the A1 motorway, and the simulation of an accident at a random time during the trip. 

1. The study area

The CLC – Companhia Logística de Combustíveis - is a company created in 1994 by Petrogal to build and operate a large fuel storage park in Aveiras and control the pipeline that supplies it from the Sines refinery. Shell Overseas Holdings, Ltd and BP/Mobil also hold minority equity positions (15% and 20% respectively) since 1996.

The Aveiras Storage Facility is located near the Aveiras exit of the A1 motorway, about 80kms from Lisbon, as shown picture 1.1, and occupies an area of approximately 0.6km2. 

The site stores seven kinds of fuels (diesel fuel, leaded super gasoline, unleaded 95 gasoline, unleaded 98 gasoline, Butane, Propane and Jet A1 fuel), and has a total storage capacity of 250 000 m3. The fuels reach the Fuel Park through a direct pipeline from the Sines refinery located at the southwestern coast of Portugal.
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The substances stored there are later conveyed by truck to smaller storage facilities in Lisbon for distribution.

Picture 1.1 - Route for the PTCS

(In the picture an actual trip, done by one of LNEC Informatica’s cars, tracked by our GPS remote vehicle location system, is shown)

In a trip from the facility to the outskirts of Lisbon, a truck will travel across 18 counties (freguesias) with a total population of about 170 000.

Besides the resident population in the area, we must consider the usually high number of vehicles in the A1, a number that increases even further in rush hours due to the traffic to and from the “sleeping areas”.

The A1 motorway between Aveiras and Lisbon follows roughly the Tagus River course and therefore the terrain is relatively flat, with some low slope hills, which can reach up to 200 meters above the sea level.

2. The fuel transportation trucks

The trucks used for fuel transportation usually have a capacity of 24 tons (30 000 litres) and can be divided in three main groups:

Car fuel: the trucks carry simultaneously diesel fuel and the three currently used types of gasoline (leaded super, unleaded 95 and unleaded 98). The usual cargo split is 45% diesel and 55% gasoline.

Gas: the trucks carry liquefied gas (either Butane or Propane). These trucks only carry one type of fuel.

Aircraft Fuel: the trucks carry a full load of Jet A1 fuel, not to a distribution storage facility as in the previous two cases, but directly to the airport.
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Table 2.1. Shows the distribution of the truckloads

Table 2.1. – Truck load distribution

Approximately 600 trucks /day make the trip from Aveiras to Lisbon in two shifts. They operate 6 days a week which makes a monthly total of 350 000 tons of fuel travelling from Aveiras to Lisbon.

An average trip from the CLC to the destination storage facility or airport and back takes about two hours, including the unloading time. The trucks travel at an average speed of 40 km/h and usually have a peak speed of 80km/h in the A1.

3. Scenario description

Several road accidents in the recent past have made the authorities, population and media very aware of this situation (picture 3.1.). Some ad-hoc, panic driven, measures have been taken, like restricting the traffic of trucks to the evenings, but with no real risk assessment.
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Picture 3.1. - September 19th, 1997: One casualty in motorway A1 resulting from an accident with a Galp (Petrogal) truck.

The demonstration will simulate an accident that will happen at a random time during the trip. The simulated accident would result in the release of hazardous substances to the atmosphere or into a water bodies (surface or possibly groundwater).

The demonstration will show the tools developed for emergency support, including automatic data gathering, accident simulation and decision support as shown in picture 3.2.
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Picture 3.2. Emergency support tools
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The following diagram shows the flow of events in the demonstration:



Picture 3.3. Demonstration flow of events

From the system’s point of view, the actions will be initiated by an alarm sent by a truck. This alarm is originated by the same unit that performs the vehicle location functions, and will include latitude, longitude, truck ID and a timestamp.

Once this alarm is received, the server starts automatically, getting truckload information (using the truck ID received with the alarm) and building an accident homepage with worst case scenarios. The HITERM session is then started.

Inside the HITERM session, actions will be as follows:

1. Make the current accident the active accident

2. Start RTXPTS (HITERM main application zoomed in on area

3. Get Truck data by querying database using Truck ID received with the alarm

· substance

· amount

4. Get meteorological information (automatically if possible, otherwise enter manually)

5. Summarise accident

· Location (km X on A1)

· Truck load

· Amount

6. Call 

· police

· ambulance

· Petrogal

7. Run source model

8. Run impact model

9. Evaluate

· Affected population

· Affected area

10. Update Accident Homepage

11. Update information to

· Ambulances

· Hospitals

· Health authorities (if number of affected people > X)

12. End

These steps will be discussed in further detail next.

The goal of the system as a whole is to decrease drastically Petrogal’s response time to an accident, which can currently be of several hours before a specialised team is mobilised.

3.1. Information gathering

The information gathering process begins before the truck leaves the storage facility. Before the tuck departure, the type and amount of the load and other information found relevant is entered in a database (from now on referred to as TRUCK_DB) at the Petrogal office. 

When an accident happens, the location system installed in the truck issues an alarm, which in the demonstration will be triggered by a button pressed by the driver. The trigger can, in reality, be set by a number of other events and devices, such as gyroscopes that detect if the truck tips over, airbag triggers, leak detectors (load level monitors), GPS velocity information, etc. The emergency button approach was chosen in the PTCS for simplicity.

The alarm message will consist of the truck ID (sent indirectly using GSM caller identification services), vehicle latitude and longitude and a time stamp.

The alarm will be sent via GSM: data call or SMS to the operational centre.

Once an accident occurs the HITERM system tries to gather as much information as possible, automatically. The TRUCKS_DB is queried using the identification provided by the GSM system about the sender of the alarm (the specific truck), thus giving the system information about the size and type of load of the truck and its current location is determined using the information sent with the alarm.

The location system information will be used by the system to get relevant data from a Geographical Information System - GIS (terrain conditions, population, water courses, danger sources, environmentally sensitive areas, typical traffic conditions, etc.).

The system will also get any available information about the weather conditions at the time of the accident site and surrounding areas using Internet sites or other real-time data sources.

This information, obtained automatically, will be complemented by data gathered by human agents (truck driver if possible, witnesses, and at a later stage firemen, police and other operational agents) about the actual conditions of the accident, size of spill, particular conditions, etc.

3.2. Accident simulation

Once a minimal set of data is assembled the HITERM simulator will begin computing scenarios.

Based on the information gathered automatically, the system will estimate the evolution of the spill and it’s probable impact assuming worst case scenarios and give indications on whether specialised field agents should be summoned to the place of the accident.

The results of these initial simulations with worst case scenario descriptions will be used to dynamically generate an accident homepage that will be accessed by all the elements to whom the information might concern. This homepage will be updated during the evolution of the situation, as new results are produced.

As soon as field forces such as firemen or field personal from Petrogal reach the site, the system operators will feed the information gathered by those agents to the system, which will then yield refined results. The information required by the expert system will also be fed to the system, which will then produce advice on recommended courses of action, needed resources and predictable damages.

If a field team was sent to the site, it will be equipped with mobile clients, which will communicate wirelessly with the central system to present the most relevant simulation results, guide the data gathering process and communicate the conclusions of the expert system.

3.3. Decision support

The decision support tools are based on the expert system. The expert system has the dual function of assisting in the data gathering process, by making the appropriate questions, and assisting the decision making process, by interpreting the data provided and suggesting courses of action or providing additional information from it’s internal knowledge databases.

The expert system will play an important role at all stages of the emergency situation:

As soon as the emergency alarm is triggered, it helps in the evaluation of the seriousness of the situation

In the operational phase of the process, producing recommendations about the course of actions.

The communication between the expert system and its human users will be made either through the central console of the HITERM system or using the mobile clients with the field agents.

The mobile clients will be simple html browsers, which will access a dynamically generated accident homepage with the most up-to-date information on the accident (simulation results, expert system output, etc.).

This approach has the advantage of allowing anyone interested in the accident and with proper permission for network access, to receive relevant information without the need for specialised software.

This communication will be continuous, as the expert system will continuously be refining it’s results by entering additional input received from the field agents or other sources.

4. System description

The HITERM system will be a distributed system split across five main locations:

The Petrogal office at the storage facility where the TRUCKS_DB database will be located.

The trucks that will carry the mobile part of the remote vehicle location  system

The field hand-held devices operated by the field agents.

The HITERM headquarters where the expert system, Geographical Information System and central unit of the vehicle location system will be located

The model-computing cluster in charge of all the heavy model calculations that can be located at the HITERM central or in a different site connected through a high bandwidth network.
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All these locations will be connected through different kinds of networks as shown in Picture 4.1



Picture 4.1. – System architecture and network connections

It’s easy to see how the PTCS architecture follows the general HITERM architecture, shown below. Again we stress the importance of the mobile devices and vehicle location as major aspects in this case study.
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Picture 4.2. – General Hiterm architecture

Let’s us see in more detail the various components of the system.

4.1. Petrogal

The role of this part of the system is to maintain the TRUCKS_DB database up to date, keeping track of all the trucks leaving the facility and their respective loads. This is done at the Petrogal site in Aveiras because the information loaded in the database is probably useful for other purposes such as billing or stock management. An actual database is maintained by Petrogal at the Aveiras site and an exact replica of this will be used in the demonstration.

This site will be connected to the central HITERM unit (which is assumed to be also on Petrogal’s premises) through the company’s WAN so that the central system can, in case of an accident, query the database to get information on the car involved.

4.2. Trucks

The trucks will carry a vehicle location system that will allow not only their location by a remote central site, but also to send alarm signals.

The location system will be based on a GPS receiver and a GSM terminal that will communicate with the central site using short messages (SMS).

For the demonstration, the driver will trigger the alarm, by pressing a button. This approach, which was chosen by its simplicity, does not exclude de possibility of using other criteria for triggering the alarm. Some of these criteria, easily applicable in real life situations might be:

Vehicle speed – given by the GPS. An halt or an excess of speed my be considered serious enough to trigger an alarm

Vehicle position – given by a gyroscope or other position sensor which can detect a tip-over

Leak detection – can be implemented using a load level monitor

Airbag activation

Others

From the software point of view, the element or condition that triggered the alarm is transparent.

The integration of the different parts and their control is made using a laptop running the vehicle location software. The use of the laptop for the demonstration does not exclude the possibility of using a different kind of device such as embedded systems, dedicated handheld units or pen computers.

As mentioned above the communication with the central unit will be based on the GSM / SMS service, but for the alarm, it may be desirable to use a GSM data link because of the possible delay between the sending and the reception of short messages.

4.3. Mobile clients

The mobile clients will be carried by field teams sent by Petrogal, and will act as interface between those teams and the central simulation and expert system.

The mobile clients will be simple web browsers (Netscape, Internet Explorer, Hotjava, Opera or any other) which will be used to access a dynamically created accident web page.

This approach simplifies the software architecture by allowing access to the information by clients without special software configuration

The clients will use a GSM data link to establish a dial-up (PPP) connection to the central and communicate using the http protocol.

4.4. The HITERM central

The HITERM central will have four main components / functions:

Vehicle location central

Geographical Information System (GIS)

Expert System

Console and integrator

The GIS and Expert system will be closely integrated with the console / integrator software, and will run on the same machine. However they perform very specific and crucial functions and so they are treated as separate modules. 

The central unit including the console/integrator, the expert system and the GIS will be connected to the central unit of the vehicle location system using a LAN and to the model-computing cluster using a LAN or a WAN depending on the location of the cluster.
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Picture 4.4.1. – HITERM central unit

4.4.1. The vehicle location central unit

The purpose of the vehicle location central unit is to communicate with the location units in the trucks, and to notify the Console / Integrator of any alarm it receives from the trucks.

It communicates with the trucks through a GSM terminal using SMS or, in special circumstances when delay is critical, through a GSM data link.

The communication with the Console/ Integrator will be made through the site’s LAN, using the http protocol.

The software is written in Java and will be able to run on a relatively slow machine, like any Pentium PC.

The remote units will allow the usage of the location information for other purposes such as fleet management and statistical data gathering, which is not described in detail in this document as it is outside the scope of the HITERM project. 

4.4.2. The Geographical Information System

The Geographical Information System will hold all the geographical data necessary to the operation of the system. This includes the maps needed for the user interface of the vehicle location system, the terrain, water courses, population and facilities location information needed for the simulations and the maps needed for the visualisation of the results of those simulations.

The system will be integrated in the console software through a set of libraries that give that software access to the geographical information databases.

4.4.3. The Expert System

The Expert System is also integrated in the console software. It consists on a set of rules and descriptors, which will aid the operators in the diagnostics and decision-making processes. 

The system is implemented using a set of libraries developed by ESS. The descriptors and rules are stored in a set of source files that are provided for each application of the expert system.

The functions of the expert system have already been described in point 3.3. (Decision support)

4.4.4. Console / Integrator

The console / integrator performs tasks of user interface, system integration and support services.

As a console, it interacts with the central unit operator, asking for additional information required by the models or by the expert system and presents the results in a useful format, either graphic or textual.

It will also ensure the communication with the mobile clients, formatting the output appropriately, and running the http server.

As a system integrator it is responsible for communicating with the different information sources:

TRUCKS_DB database on the Aveiras Site.

Vehicle location system central unit

Other information sources such as weather information on the Internet.

Geographical Information System

It is also responsible for handling input from different sources:

Alarm signals from the Vehicle Location Central Unit

User input directly on the console or through the mobile clients

Finally it is responsible for controlling and giving input data to the Model Computing Cluster and for receiving and presenting it’s results.
4.5 The model computing cluster

The mathematical models used to calculate the evolution of a spill or release of gas requires relatively large amounts of computing power. Therefore a dedicated cluster of fast machines, connected through a high performance network to implement a Parallel Virtual Machine (PVM), carries out the calculations.
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For the demonstration, the cluster will use two machines, a Spark 30 and a Sun Enterprise 250, both from Sun Microsystems, connected using a switched Ethernet 10 base Tx network, as seen on picture 4.5.1.
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Picture 4.5.1: Model calculation cluster
This cluster, which will operate as a single machine, will receive its requests from and hand the results to the Console/Integrator.

The cluster machines can be physically located at the HITERM central site or in a remote location where the necessary processing power is available. However, as the model output results may represent a large amount of information, a high bandwidth connection between the cluster and the central unit is required.

5. Expected benefits

The implementation of the HITERM system is expected to produce benefits that can be divided roughly in two categories.

Response quality

Response time

The impact in response quality, although hard to quantify, can be easily understood if we consider that, in the current situation, risk assessment and emergency management is carried out based mainly on previous experience of the individuals which happen to be in charge at the time. This leads not only to a bigger probability of human failure, but also to a lack of consistency in the responses to emergency situations depending on the particular individuals involved with each emergency. Also, there is no efficient way to propagate information to everyone involved in dealing with the situation which can lead to further inconsistency, as different agents are operating with different background information.

In addition, we must also consider that big as the experience of the individuals might be, they still do not have any quantitative data or forecasts in which to base their course of action.

The HITERM system will provide not only consistent quantitative data and guidance in the information gathering and decision making process, but also a powerful communications infrastructure which will allow the timely dissemination of that data. 

The result will be a better and more consistent response to emergency situations

The gains in response time, also critical in damage control are even more obvious.

The current Petrogal modus operandi relies on external entities (such as road police or passers by) to produce the alarm. The current alarm issuing procedure is represented in picture 5.1. It can be seen that the time span since an accident occurs until the specialised Petrogal team reaches the scene, can reach several hours.  
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Picture 5.1: Steps until a Petrogal field team reaches an accident site

The HITERM system will allow an alarm to be sent to Petrogal as soon as the accident occurs, eliminating the first three steps (shaded on the image). This represents a saving of 35 – 75 minutes that represent about 45% of the total response time.

It should be noticed that this time saving can be accomplished with little additional investment as all Petrogal trucks already have mobile phones and industrial computers which can be programmed to fulfil the vehicle location and alarm issuing tasks. The additional investment needed refers to the GPS units and possibly more sophisticated alarm situation detection devices such as gyroscopes for tip-over detection or airbag trigger detectors.

Appendix 1: Geographical data used for the Portuguese Case Study

· Geographical bounds of the “freguesias”. Scale 1:250 000, source: Atlas do Ambiente – Ministério do Ambiente (Environment Ministry)

· Population by “Freguesia”: source: Instituto Nacional de Estatística (National Statistics Institute)

· Altimetry map. Scale 1: 1 000 000, source: Direcção Geral do Ordenamento do Território
· Road Map. Source: ArcPortugal – Octopus

The following sections (diagram and tables) must be updated by ESS using latest description of expert system; thanks
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Appendix 2: Informal description of the PTCS expert System
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Table 1: Accident gravity assessment. In very high gravity accidents, the explosion risk must be considered
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Table 2: Spilled Amount assessment
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Table 3: Action course assessment

Action legend:

1) Send transfer truck

2) Alert firemen (Serviço Nacional de Bombeiros)

3) Alert local authorities

4) Alert district authorities

Notes:

1. Tables 1 and 2 were built on common sense and Table 3 was built based on the Italian case study. All tables must be checked with an emergency management expert

2. The second entry point is used to refine the system’s output, based on new or more accurate information about the accident. It reflects the iterative nature of the system (better results are yielded in each iteration). The iteration can be periodic or triggered by the arrival of new information.
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� CLC stands for Companhia Logística de Combustíveis. Further details are given on section 1: The Study Area
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_977669868.xls
Sheet1

		Description / number of axels		2		3		4		More		Unknown

		Tanker		12000		20000		25000		25000		20000

		Trailer		12000		10000		28000		28000		20000

		Flatbed		12000		20000		25000		25000		20000

		Small truck		10000		10000		10000		10000		10000





Sheet2

		Toxicity / Total amount		Extremely Small		Small		Medium		>99 (Tons.)		>500 (Tons.)

		None		1		1		1, 2		1, 2		1, 2

		Moderate		1		1, 2		1, 2		1, 2, 3		1, 2, 3

		High		1, 2		1, 2, 3		1, 2, 3		1, 2, 3		1, 2, 3, 4

		Very High		1, 2		1, 2, 3		1, 2, 3, 4		1, 2, 3, 4		1, 2, 3, 4
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		Accident Gravity		% of load spilled

		Low		0%

		Medium		50%

		High		80%

		Very High		100%
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		Substance		%

		Petrol		40%

		Diesel		35%

		Airplane petrol		5%

		Propane/butane gas, in bulk or domestic bottles		20%
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		Position/location		On the road		Outside the road		Unknown

		Normal		Low		Medium		Medium

		On one of the sides		Medium		High		High

		Up side down		High		Very High		Very High

		Unkown		High		Very High		Very High






