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1. INTRODUCTION

1.1 GENERAL

This document is produced under the OSIRIS project (Contract number 033475) and consti-
tutes deliverable number 2400.

This report defines the four scenarios which will validate the system requirements. These
scenarios address the themes involved in GMES: forest fire, water analysis and water re-

source management, air pollution, and industrial risk monitoring.

1.2 DOCUMENT STRUCTURE

This paragraph gives an overview of the document structure and the relationship between
the different chapters.

Chapter 2 describes the Scope of Work for WP2400 and its relationship with other Work
Packages within OSIRIS.

Chapter 3 presents the process that was used to achieve the stated objectives for WP2400.
Chapter 4 describes the working approach and schedule for WP2400. It is based on the
agreed process and on the overall schedule for OSIRIS.

Chapter 5 details the FRENCH CIVIL PROTECTION SCENARIO regarding forest fire with
an advanced fire-fighting strategy using the OSIRIS framework. It explains the scope of the
scenario and describes the demonstration site. The scenario includes different steps with
monitoring, crisis, and post-crisis phase. Technical information about sensors and infrastruc-
ture are listed in detail. Risk study and contingency plans for the OSIRIS demonstration are
summarised.

Chapter 6 details the INDUSTRIAL RISK MANAGEMENT scenario which demonstrates the
capabilities and advantages of the OSIRIS approach, with focus on indoor industrial fire
threats. The demonstration is located in a real fire training environment of the Firedepartment
Aachen. The different phases encompass monitoring, fire detection and verification, alarm
and crisis response as well as post crisis. The applied sensors and infrastructure are speci-
fied as well as the user interaction. The back-up solution concludes this chapter.

Chapter 7 details the AIR QUALITY SCENARIO to be implemented for the OSIRIS live

demonstration: “Air Monitoring Scenario” and “Air Hazard Scenario”. It will be verified in the
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city Valladolid/Spain. The scenario description lists the scope of the Scenario and explains
the application area as well as the different phases. It contains the specification of sensors,
infrastructure, and user Level. This chapter finalises with the Risk and back-up solution.

Chapter 8 details the GROUND-WATER QUALITY SCENARIO with the problem of manag-
ing water resources in Tuscany region/Italy. The reasons and effects are listed in detail. The
scenario aims at increasing the water availability and decreasing the underground water con-
tamination. The application area is analysed with its specific characteristics. This scenario
covers the two aspects with 1) a real monitoring system and 2) a simulated chemical emer-
gency management case. The applied sensors, infrastructure, and integrated users are de-

scribed as well as the risk and contingency plan.

The document body finishes with:
Chapter 9 which summarises the document and concludes the findings. It also describes

lessons identified while performing WP2400.

In the appendix the following information can be found:

Appendix A - Water Quality Issues in the Grosseto Province which deals with elevated con-
tents of major ions and toxic trace elements.

Appendix B - A ‘disaster prevention’ protocol and ‘disaster respond’ protocol is defined for

the HAP.

1.3 GLOSSARY OF TERMS AND ABBREVIATIONS

p-UAV Micro Unmanned Air Vehicle

AATO 6 Ombrone | Autorita di Ambito Ottimale 6 Ombrone - Optimal Area Authority for the

Ombrone River

AQM Air Quality Monitoring

ARPAT Agenzia Regionale Protezione Ambientale Toscana - Regional

Environmental Protection Agency

As Arsenic

As,S;3 Orpiment (arsenic sulphide mineral)
As,S, Realgar (arsenic sulphide mineral)
B Boron

BU Base unit
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Ca Calcium
CDPC Central Data Processing Centre
Cl Chlorine
CO Carbon Oxide
CO, Carbon dioxide
CODIS Centre Opérationnel Départemental d'Incendie et de Secours
coalc Centre Opérationnel de Gestion Interministérielle des Crises
COos Commandant des Opérations de Secours
COTS Commercial Off-The-Shelf
COz Centre Opérationnel de Zone
CPD Carrier-Phase Differential
CuU Control Unit
D.Igs. Decreto legislativo — National law
Département In France, a département is an administrative division of the country.
There are 101 départements in France.
DM Disaster Management
DOS Directeur des Opérations de Secours
DU Dropped unit
EC European Commission
F Fluorine
FP6 EC Framework Programme 6
GCS Ground Control Station
GIS Geographic Information System
GMES Global Monitoring for Environment and Security
GNSS Global Navigation Satellite System
GPRS General Packet Radio Service
GPS Global Positioning System
GSD Ground Sampling Distance
GSM Global System for Mobile Communications
HAP High Altitude Platform
HCI Human Computer Interface
Hg Mercury
HHH Hydrological, Hydro-geological, Hydraulic
I/O Input/Output
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ID Identification
IEEE Institute of Electrical and Electronics Engineers
K Potassium
LAN Local Area Network
LNAPL Light Non-Aqueous Phase Liquid
Mg Magnesium
MM Meteorological Model
MMI Man Machine interface
MU Mobile unit
Na Sodium
NCG Non Condensable Gas
NH,4 Ammonium
NO Nitrogen Oxide
NO, Nitrogen dioxide
o&M Observations and Measurements
O3 Ozone
0oGC Open Geospatial Consortium
OSIRIS Open architecture for Smart and Interoperable networks
In Risk management based on In-situ Sensors
PC Personal Computer
PDA Personal Digital Assistant
pH potential of hydrogen
PM;o Particulate Matter up to 10 um
PM, 5 Particulate Matter up to 2.5 um
ppb parts per billion
ppm parts per million
redox reduction/oxidation reaction
RS Remote Sensing
RTK real-time kinetic
SAS Sensor Alert Service
SN Sensor Network
SO, Sulfur dioxide
SO, Sulphate
SOS Sensor Observation Service
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SPS Sensor Panning Service
SWE Sensor Web Enablement
TBC To Be Confirmed
TML Transducer Markup Language
UAV Unmanned Aerial Vehicle
UV/VIS ultraviolet-visible spectrophotometry
UuwB Ultra Wide Band
VOC Volatile Organic Compound
VSAT Véhicule Satellite d'Appui Technologique
WCW Web Coverage Service
WFW Web Features Service
WHO World Health Organization
WLAN Wireless Low Area Network
WMS Web Mapping Service
WNS Web Notification Service
WSN Wireless Sensor Network

1.4 APPLICABLE DOCUMENTS AND REFERENCES

Annex 1 of the
OSIRIS Contract

Description of Work (DoW)

D2100 End User Requirements
D2200 System Requirements
D2300 State of the Art

Page 13 of 140

This document is the property of the FP6-OSIRIS Consortium and may not be copied or communicated without written consent.




T OSIRIS-WP2400-DEL-0017
<@§\\ PUBLIC et
ft}(:J|R|CJ Scenario Definition

2. ScoPE oF WP2400: SCENARIOS DEFINITION

2.1 Scopre oF WP2400

The scope of WP2400 is to define the scenarios in order to validate the OSIRIS solution and
its system requirements (WP2200). Four different thematic scenarios are chosen demon-
strating the versatile capacity of the overall OSIRIS architecture. The scenarios are end-user
driven in the following thematic areas:

Fire detection and monitoring : Forest fires and fires in industrial buildings

Air pollution monitoring

Water resource management

2.2 WP2400 RELATIONSHIP WITH OTHER WORKPACKAGES

The WP2400 Scenario Definition receives the inputs from the WP2200 system requirements
which are derived from the end-user requirements. The State of the Art & Technology Analy-
sis (WP 2300) provides the scientific and technological background for the implementation.

The WP2400 results are inputs to the WP4000 Sensor Networks, WP5000 Stand Alone Sen-
sors, for which they define the constraints of use of the sensors, and WP6000 for which they
provide the requirements in terms of operational services to be fulfilled by the OSIRIS archi-

tecture, and finally to the WP7000 Live Demonstrations.
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Figure 2-1: Relationship with other Workpackages
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3. PROCESS OVERVIEW

This report is a bundle of the contribution of different partners involved in this Work Package.
The following table indicates the allocation of partners to the scenarios according to the con-
tract. Responsible scenario leaders are marked with a “X”.

The Work Package leader had the responsibility to merge and streamline this report.

< S
% L > o = ~ = 2
[all O = = o ©) s e
< = [0} > = T b4 0]
— x
French Civil Protection Scenario X X X X
HAP Disaster prevention & re- X
spond protocol
Industrial Risk Management Sc. X
Air Quality Scenario X X X
Ground Water Quality Scenario X X
Document preparation, consis- X X
tency and coordination

Table 3-1: Overview of contributions
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4. \WORK SCHEDULE

Given the process defined previously, the work was scheduled across the participants of this
work package.
The work was performed using a number of workshops and ‘homework’ in-between.
The workshops were organised around the steps of the process as follows:
Florence 14"&15™ November 2006, for the presentation of the objectives of each
scenario and the scheduling of work.
Conference Call 7" December 2006, for the elaboration of the structure of the docu-
ment D2400 and identification of the required inputs.
Paris 17" & 18" January 2007, for the presentation of the status of each scenario
description and discussion of the integration with the OSIRIS architecture.
Madrid 13" & 14™ February 2007 and Muenster 22™ & 23™ March2007, for identifica-
tion of the workflows between the different actors and sensors in each scenario and
harmonisation of the contributions.
Reading 22" & 23" May 2007, for the review of the detailed scenarios.
Phone Conference 13" June 2007, for discussion of back-up solutions and finalisa-

tion of the document.
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5. FRENCH CivIL PROTECTION SCENARIO

In France, during the summer, forest fires destroy wide areas of trees. This kind of disaster is

very damaging for the ecosystem.

French Civil Protection is an organisation in charge of emergencies and disasters manage-
ment. It regroups several organisms such as: police, fire-fighters, assistance etc.

French civil protection is particularly in charge of forest fires and disaster management.

This part of the document details the French Civil Protection scenario. It is composed of sec-
tions 5.1 Scope of the Scenario and 5.2 Description of the Demonstration Site introducing
generic details about the demonstration. Then, the course of the demonstration is specified
in chapter 5.3 Description of the Different Phases. Technical information about sensors and
infrastructure are gathered in section 5.4 Specification of Sensors, Infrastructure, and User
Level. Finally, a risk study and contingency plans for the OSIRIS demonstration is summa-

rised in 5.5 Risk and Back Up Solutions.

5.1 SCOPE OF THE SCENARIO

General Description

This scenario will be developed for demonstration and evaluation of the OSIRIS project re-
sults.

This demonstration will simulate a forest fire with an advanced fire-fighting strategy using the
OSIRIS framework. This simulation will consist of a small-scale forest fire triggered and con-
trolled by the fire-fighters. Deployment of sensors will allow provide appropriate information

about the overall situation.

Aims of the demonstration

The scenario will demonstrate the functionalities of the OSIRIS architecture and its added
value in the monitoring and crisis activities of a forest fire. In addition, it will demonstrate the
capabilities of each sensor in a forest fire situation. The global efficiency improvement will be

achieved through multi-source data combination, with:
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A better understanding of the operational situation thanks to data delivered

The integration of sensor data and added value information in decision support sys-
tems

An easy integration of new sensors in operational systems

A facilitated discovery and access to sensors and their data

Through this demonstration, the feedback of experience at a technical and organisational
level regarding the use of a centralised platform for the access and diffusion of the data will

be quantified and qualified.

Partners involved

The members of the OSIRIS consortium involved in this scenario are:
REMIFOR is the end-user and provides trucks, some communication means and in-
frastructure as well as fire-fighters.
TCF provides a set of wireless cameras, the OSIRIS architecture and its associated
infrastructure for core services.
TRT provides the positioning sensor system.
VITO supplies the High Altitude Platform system, including the ground control station
(GCS), the central data processing centre (CDPC) located at VITO premises and a
two-direction satellite uplink between de GCS and the CDPC.

The user organisation is also described hereafter to facilitate the understanding of the next

paragraphs.
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Directeur des opérations de secours = Préfet

COos
Commandant des opérations de secours

Column (1 chief of column)

Attack team Attack team Attack team
Attack team
4 4 4 4 4
Chief of team + 3 driver + 3 driver + 3 driver + 3 driver + 3

Figure 5-1: Decision hierarchy for forest fire management

During a forest fire, fire-fighters are organised according a predefined hierarchy. The
smallest fire-fighting unit is an “attack group”. An attack group is composed of five vehicles,
each transporting four fire-fighters (one driver and three terrain fire-fighters). An attack group
is led by a “chief of group”. Three attack groups can be clustered in a “column”, led by a chief
of column. When deployed on a forest fire, the columns are under the command of a
“Commandant des opérations de secours” (Commander of Emergencies Operations)
abbreviated by COS. The COS is generally located in a vehicle called “Poste de
Commandement” (Field Command Centre) called Command and Control cell in this
document. This vehicle is equipped with computers and communication means. The COS is
in relationship with the « Centre Opérationnel Départemental d'Incendie et de Secours »
(Departmental Operational Centre for Fires and Emergencies) abbreviated by CODIS. The
CODIS is an organism usually located in department's prefecture. It is linked to an
emergency call centre receiving alerts for emergencies such as forest fires. The regional
administrator called “Préfet” manages on a higher level the actions of CODIS especially in

case of wide disasters.

Demonstration illustration
The next figure intends to illustrate the different actors (people and resources) which will be
present in the scenario in order to ease the reading of the following paragraphs. The infra-

structure to be deployed is given in § 5.4.5.
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Figure 5-2: Forest fire scenario illustration

5.2 DESCRIPTION OF THE DEMONSTRATION SITE

Location

This demonstration will take place in one of the 11 French “Départements” belonging to the
“Zone de défense Sud”, a set of départements located on the south-eastern part of the coun-
try. The exact département will most probably be the “Département de Lozére”, a member of
the “Entente Inter-départementale”. However, other possibilities are still under investigation
as some departments have expressed their interest to be actively involved in the demonstra-
tion exercises (e.g. Corsica). The final choice will be made when all the specific requirements

of the sensors and authorisations are available.

Site
The choice of the site is not defined yet, the preferred area is a relatively plain region to facili-
tate the access and communications. The demonstration will cover an area of approximately

20ha (2000m x 100m) with a fire front a maximum of 2km long.
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Schedule

The scenario will take place during so-called “écobuage” maintenance periods. The mainte-
nance is performed before the fire season starts; i.e. generally during the month of May. Dur-
ing écobuage, fire-fighters burn a delimited part of a forest in order to make a non-
inflammable barrier for stopping the progress of a fire in summer. The date of the demonstra-
tion is therefore planned for May 2009.

The duration of the demonstration will be one day. However, one or two days may be needed

for preparations and tests before live demonstration.

Authorisations required

For the forest fire scenario, several authorisations have to be obtained:
A flight clearance has to be obtained for the operation of High Altitude Platform over
the area of the demonstration (addressed in WP5130).
A frequency allocation will be required as well for the wireless radio communications
between the High Altitude Platform and the Ground Control Station (two frequencies:
one for the HAP telemetry and one for the transmission of the payload data). Addi-
tionally, depending on the exact place to be flown, some restrictions on the image
acquisition and/or spatial resolution could be imposed by the French authorities (e.g.
if flying over a military domain).
A frequency allocation and authorisations have to be obtained for the use of frequen-
cies of the UWB positioning system.
Agreements have to be obtained from local authorities for carrying out the demon-

stration on a public area.

5.3 DESCRIPTION OF THE DIFFERENT PHASES

The forest fire scenario illustrates the management of forests in case of fire in the south of
France. It addresses two phases:
The forest monitoring phase: this phase aims at identifying critical areas (risk zones)
and detecting starts of fires.
The forest fire crisis phase: this phase addresses the reporting of alerts and alarms to
decision-makers and operational forces, the operational deployment of intervention
forces and sensors, and the fire-fighting period. During the fire-fighting period, some

specific strategies are performed and analysed.
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Forest monitoring and forest fire management are the responsibility of CODIS (« Centre
Opérationnel Départemental d'Incendie et de Secours » Departmental Operational Centre for
Fires and Emergencies). CODIS is the regional authority in charge of coordination of
operational forces during fires and disasters for one French département. The CODIS is led

by a professional fire-fighter.

Monitoring:

A High Altitude Platform

observes critical areas in order t
enhance the response in case o
fire detection.

Alert:

« A fire is detected by regional
authorities.

Response:

« Fire-fighters are deployed on site
and attack the fire.

Post-crisis:

« After crisis, things go back to
normal. The system return in

. . L]
monitoring phase. Several sensors help to assess|the

crisis situation : HAP, Positioning
* A damage assessment could be sensors system, wireless cameras,
performed on the basis of HAP mobile weather station. T

picture by regional authorities.

D

Figure 5-3: Crisis cycle at the Forest Fire Scenario

5.3.1 MONITORING PHASE

In order to optimise the response of the rescue teams to the forest fire, it is important to de-
termine as soon as possible the critical zones where fire probability is higher. This kind of
mapping can be performed using such information as the status of the vegetation (dryness),
meteorological data (wind fields), and other parameters directly related to human factors
(e.g. places where fires caused by people have been detected previously). The production of
such up to date “risk maps” is generally performed at the level of Regional Decision Centre
(CODIS) using simulation and forecasting tools. These are used to determine the level of

alert of the different actors and to prevent possible fires by restricting the access to some ar-
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eas by the public. It is also used to organise the spatial distribution of the intervention teams
(fire brigades, intervention trucks, water dropping airplanes and helicopters, ...), trying to
minimize the time required for any future intervention once a fire is detected. In the scenario,

the “risk maps” are provided by the fire-fighters and are inputs to the monitoring phase.

5.3.1.1AIM OF THIS PHASE: BEST PREPARATION BEFORE FIRE DETECTION
According to the end-user requirements (D2100) an early detection of new fires is a priority.

The earlier the detection of a fire, the higher the chance of the firemen to succeed in an
efficient fire combat. Once the fire has spread, the firemen can only try to limit the damages.
Furthermore, it costs much more effort and time to extinguish a large fire than an infant fire.

In France, the detection of starting fire is very efficient: most of the fires are detected within a
few minutes during the fire season. The fire brigades, civil protection teams, and other actors
(including the population) living in the concerned regions/départments are continuously on
the alert and use all possible techniques to achieve their goal. Among these techniques, air-

borne remote sensing is used on an operational basis.

During the summer, a network of watchtowers is organised in forested areas in the south of
France. Usually, operators in the watchtowers detect smoke over the forest in a few seconds.
Combining information from several watchtowers, the position of the fire is calculated by
CODIS.

Because the efficiency of fire detection in the South of France is already so high, it is not the
ambition of the OSIRIS project to try to outperform the existing system. However, it is the aim
to use the gathered information to optimise the response of the sensors that will be used dur-
ing the crisis phase. OSIRIS will thus complement the existing means by using sensors to
survey areas of interest.

As an example one can mention the use of the risk maps to determine the optimal position-
ing of the HAP: the platform will be directed above regions presenting a high risk potential in
order to deliver the requested information as soon as possible. It will also provide high reso-
lution images concerning the environment and the status of the infrastructure (this could be
used to update an image database). Also, accurate information concerning the extent and
the positioning of intervention teams in the vicinity can be provided. OSIRIS with HAP im-

ages can improve the assessment of current situation.
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5.3.1.2SENSORS INVOLVED
A high altitude platform (HAP) equipped with a high-resolution digital camera and its ground

segment system will be available. Images with a maximal spatial resolution of 30 cm will be
possible, but in order to avoid saturation of the system used by the end-users, these images
will be reprocessed to ~1 m spatial resolution when the very high resolution is not needed.

The sensor system includes a mobile ground control station that controls the platform and
that receives the payload data. In addition, a mobile satellite uplink system (including an-
tenna, amplifiers, encoding systems...) will be deployed on the operation site. This will guar-
antee the communication between the mobile GCS and the central data processing centre
(CDPC) located at the VITO premises in Mol (Belgium). The latter is also part of the HAP

system as no image processing is performed on board of the UAV.

5.3.1.3HUMAN ACTORS INVOLVED
Concerning the HAP, a total of at least 4 people will be continuously operating the platform

and the payload. However, a larger team will be available on site (for possible re-

pairs/failure...) and at the VITO premises for the images processing.

CODIS staff manages the surveillance of forest fires. This staff is organised like a military
body. CODIS has material means and human resources to survey the département of which

it is in charge.

5.3.1.4 SEQUENCE
For this phase, the HAP is assumed to be already operational. This implies that the platform

is flying at an altitude of 18 km. A rapid deployment of the platform (e.g. using a balloon) is
thus not part of this exercise. The platform will therefore be launched at least the day before
the exercise.

The HAP is flying according to a pre-defined pattern for test reasons (not necessarily exclu-
sively for forest fire). Because of the emerging risk for fires (e.g. dryness), the authorities in
charge of fire survey introduce a request via OSIRIS for the use of the platform. The OSIRIS
system may send a request to the HAP system in order to redirect it above the new region of
interest. The HAP system provides pictures on a regular basis.

The re-programming of the flying pattern of the HAP could follow such sequence diagram.
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Figure 5-4: Sequence diagram for use of the HAP during monitoring phase

5.3.2 CRIsIS PHASE

5.3.2.1AIM OF THIS PHASE: FIRE-FIGHTING

During this phase, the viability of the OSIRIS system in case of a crisis situation will be dem-

onstrated.

The crisis phase starts when a fire is reported, then a fire-fighting strategy is defined and fire-

fighters attack the fire. The COS (“Chef des Opérations de Secours” Chief of Emergency

Operations) is in charge of the management of the fore fire crisis. The global phasing of this

crisis situation is described in detail in section 5.3.2.4 Sequence. Several specific use-cases

for enhanced forest fire management using OSIRIS sensors and architecture are described

in section 5.3.2.5 Use cases played during fire-fighting phase.
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The sensors used are described in section 5.3.2.2 Sensors involved. A description of the op-

erational staff and commanders in this scenario is presented in 5.4.5.3 Human Involvement.

5.3.2.2SENSORS INVOLVED

During this phase of the OSIRIS demonstration, the sensors used are as listed here:

High Altitude Platform (HAP) for aerial imaging providing:

o0 General view of the situation

o Detection and time evolution of the fire frontline

0 Areas of interest like threatened peri-urban zones,

o0 High resolution images of limited areas where fire fighters are in trouble
Positioning Sensors for:

o locating fire-fighters around the forest fire

o allowing fire-fighters to send alarms in case of emergency
Wireless Cameras for example for surveillance of remote areas as:

o Evacuated zones

o Peri-urban zones threatened by a fire

o Strategic traffic points

A mobile weather station for local weather information

5.3.2.3HUMAN ACTORS INVOLVED

The crisis phase involves all resources from the monitoring phase (CODIS staff and HAP
staff) and actors on the theatre of operations:

The COS in the Command and Control cell.

Operators in the Command and Control cell

Fire-fighters and their organisation (see chapter 5.1)

OSIRIS staff

All relevant administrative bodies (local, regional, etc.)

The number of actors involved will be refined during the preparation phase of the demonstra-

tion.
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5.3.2.4 SEQUENCE

The crisis phase is divided into three steps:
The alert phase addresses the alarm and its reporting to competent authorities and
suitable operational forces.
The deployment phase: the operational forces arrive on site. Several sensors are
deployed and/or set in an active mode (switch on) to enhance situation understand-
ing and assessment.
The fire-fighting phase, during which fire-fighters are in action against the fire and

previously deployed sensors provide data about observed phenomena.

Remark: For this phase, the HAP is assumed to be already operational and controlled
through the OSIRIS infrastructure. This implies that the platform is flying at an altitude of 18

km.

Alert
The crisis phase is entered when a fire is reported by existing means of detection (e.g. hu-
man detection from watchtowers spread throughout the forest), or by alarm by members of
the public.
Using the resources available in the CODIS:
Alerts are registered and located.
Forecasts of possible evolution of the fire are done by using regional weather infor-
mation and models.
CODIS assesses the situation and alerts relevant actors.
A fire-fighting strategy is defined and coordinated by the different decision cells (e.g.
regional authorities, CODIS, COZ, DOS, COGIC).
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Figure 5-5: Alert phase exchanges

During this phase, potentially "hot" areas are determined by forecasting the fire behaviour
according a weather model, the typology of the terrain, the vegetation and the type of area
(for example: forest, housing, factories, etc.). These simulations give the principal axis of
propagation of the fire, and this axis is used to define two sectors (right and left sides of the
axis). Non-burned areas where fire could propagate are identified. The COS or the CODIS
inform operational forces of the threatened zones. The foreseen meteorological conditions
concerning the fire area will be confirmed by fire-fighters on their arrival using a mobile

weather station.

Deployment of sensors and operational forces
According to the fire-fighting strategy defined during the alert phase, fire-fighting means,
OSIRIS infrastructure, and sensors are deployed on site and accessible through OSIRIS

infrastructure, following these steps:

1- At the CODIS level, HAP (already flying over the forest) is tasked, via the OSIRIS regional
facility, to go to the precise fire location. The average journey of fire-fighters and HAP to
forest fire is about 30 minutes. From this moment, the HAP patrticipates in the Survey phase

detailed in 5.3.2.5 Use cases played during fire-fighting phase.

2- On arrival at the crisis area, fire-fighters are deployed according to the chosen fire-fighting
strategy. A Command and Control cell is deployed for on site operational coordination. This
cell is provided with an application displaying the current operational situation. An operator

and a local commander are in the Command and Control cell. The local commander, called
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COS (“Commandant des Operations de Secours” Commander of Emergencies Operations)

is a fire-fighter and communicates by radio with operational forces fighting the fire.

3- Operators deploy in-situ sensors and the OSIRIS on site facility.
Some of the fire-fighters are equipped with an UWB/GPS positioning system.
A network of wireless cameras is deployed in relevant areas.

A local mobile meteorological station is deployed in the vicinity of the affected region.

In parallel, the OSIRIS supervision cell, is set up next to the Command and Control cell. and
allows to monitor OSIRIS sensor web status and to check the connectivity with the systems

of sensors.

The connection between OSIRIS supervision cell and Command and Control cell need

further investigation and will be defined during the demonstration preparation.

Once the whole system is operational, information is displayed and used at the Command

and Control cell for the selection of the fire-fighting strategy.

Fire-fighting phase
During the fire-fighting period, the Command and Control cell receives continuously all
necessary information to adapt the fire-fighting strategy according to the situation evolution
(images from HAP, positions of the fire-fighters equipped with UWB system, terrain
information from the fire-fighters, regional weather forecast, wind intensity and direction,
traffic diversions)
Several use-cases are performed during the fire-fighting phase:

Command and control for the coordination of the global mission.

Fire survey to identify the fire front.

Rescue mission of a group of fire fighters in difficulties.

Surveillance of areas of interest such as evacuated areas.

These use cases are described below.

5.3.2.5USE CASES PLAYED DURING FIRE -FIGHTING PHASE
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Command and Control
This use case shows all the information the Command and Control Cell has at its disposal
through a GIS in order to manage the crisis. The OSIRIS infrastructure will be used for the
following functions:
coordination of fire site operations ,
exchange of information with CODIS,
access to data from OSIRIS sensors,
display of information relative to crisis situation on a cartographic display (using sym-
bols, images or video),

building of global operational view.

Fire survey

In the fire survey, the HAP is positioned above the area where the fire is active. The survey is
performed according to a predefined flying pattern as defined in collaboration with the end-
users. Images are taken on a regular basis (exact timing dependent of the request of the
end-users, but being of the order of magnitude of one image per 15 — 30 seconds) with the
high resolution digital camera. The different images (raw data) are down-linked to the GCS
for buffering. Once buffered, the data are further sent, via satellite uplink, to the CDPC lo-
cated at the VITO premises for processing (up to level 1-2 or even 3 if requested). The dif-
ferent images are automatically geo-referenced (at the pixel level) and are aggregated to
provide images composite of the whole scene, with special emphasise on the front fire line.
Composite images are then produced and made available for the OSIRIS system on a regu-
lar basis (every 20-30 minutes).
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Figure 5-6: Example of a possible geographic display of fire frontlines

Other image products are also possible and delivered in few minutes, depending on the end-
user request (e.g. images including atmospheric correction, evolution of the fire using images

subtraction, merging of the images with other available digital data, ...).

Depending on the received images, the operators in the Command and Control cell have the
possibility to redirect the HAP or even to change totally its flying pattern using a system of
way-points indicated on a digital map. A request is then sent by the OSIRIS system to the
CPDC where a control of the feasibility of the request is performed and is dependent on the
meteorological parameters, the obtained authorisations, the coherence of the different re-
guest submitted in a short time interval, the priority of the request, etc. Once validated the
new flight plan is up-linked to the platform for execution.

Figure 5-7: Example of a system using way-points for programming the flying pattern of a
UAV (Source: MIRAMAP)

The sequence diagram for the survey of the fire evolution is basically the same as the one
depicted in Figure 5-4. The major differences are that the request for image acquisition have
to indicate precise coordinates (X,Y) of the location to survey and that the flying pattern can

be updated and/or changed.
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Rescue Mission
In this use case, positioning sensors are particularly useful, as they provide a precise
position quickly.
The UWB positioning system is equipped with an alarm function. A fire-fighter can push the
alarm button of his positioning sensor. The alarm is displayed in the mission map display.
The operator can then use OSIRIS to get more information so the commander can organise

the rescue mission.

USER : OSIRIS HAP POSITIONING
FIREMAN SENSORS
OPERATOR

Fire-fighters’ positions are being passed to the operator in

A map of all the fire-fighters’ positions i & continuous stream
built up on the operator’s map display.
A fire-fighter is in danger. He fire-fidh . |
activates the alert button of its A fire-fighter raises an alarm
positioning sensor. < Alarm from fire-fighter
& Acknowledgement from the UWB CU o
He is located on the operator’s
map. A request is made o o ) )
To the HAP to have images of the Request Fire-fighter’s location high resolution picture
zone.
Check Weather
in Zone B
(0K)
Nearby fire-fighters are
identified and told to get ready
to rescue the fire-fighter
in danger Alert to rescue team members .
»
g@ « Send Fireman'’s location high resolution picture {_
Rescue team members are given|commands by their standard radios
The rescue is planned, and com- ’
mands passed to the rescuers
Fire-fighters’ positions — both res¢uers and rescued - are being passed t

As the picture of all the fire-fighters] the operator in a continuous streamn
4 Evolving positions

positions evolves, the plan is revised

and rescuers are guided. Rescue team members are given|guidance and updated commands by|their standard radios

g
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Figure 5-8: Example of a sequence diagram for use of the HAP and positioning system dur-

ing rescue mission

The sequence starts when one or more fire-fighters request urgent help (e.g. falls, is sepa-
rated from the team, cut off by fire, which will be simulated in the demonstration). One of the
fire-fighters moves away from the team and then presses the alarm button on his Mobile Unit
(MU). (For a description of the positioning system and its components, see section 5.4.2).
The alarm message is passed through the UWB mesh network until it gets to a Base Unit
(BU), and so reaches the Control Unit (CU). From there it is passed via OSIRIS to the com-
mand and control cell, and displayed to the operator (sound and flashing item on the screen),
and this fire-fighter's icon also indicates the alarm status. The CU sends back an acknowl-
edgement to the MU, which is indicated on the MU. This tells the fire-fighter that his alarm
has reached the CU and been displayed (either at the CU, in the command and control cell,
or both) — it does not tell him anything about the operator’s actions.

Both the fire-fighter and the operator are trying to make contact using their usual radio sys-
tems. Usually this will work for one of them at least, so the alarm just speeds up the process
of responding. However, sometimes the radios do not work, and in this case it provides a
useful extra means of communication. For the demonstration we will show the case where
his radio does not work.

The operator alerts the local commander to the emergency, and identifies which other fire-
fighters are in the right place to help the victim. The commander plans the rescue, and also
has to re-task other team members to keep fighting the fire at the same time. While the
commander does this, the operator can use OSIRIS to look for other sources of information
that can be used to assist in this rescue. A request for a more detailed aerial picture can be
sent to the HAP component, this view can be used to assess the best way to conduct the
rescue mission, though how long it will take for this picture to arrive depends on the location
of the HAP. To be able to redirect the HAP, the exact coordinates (X,Y) of the fireman in dif-

ficulty have to be provided. Because the information required for this intervention is very local
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and need highly accurate data, the acquisition and the delivery of the image products will be
performed using the maximum possible spatial resolution, i.e. 30 cm GSD (no degradation of
the information).

Once the rescue plan is decided, the rescue team is tasked, and they set out to reach their
colleague. There are several options for how they can be guided to the victim, depending on
how much of a display their MUs have. At the demonstration, some MUs can be connected
to PDAs that could be programmed to give several levels of display from a full map of the
area down to a few lights to show “go this way” (This has not yet been decided).

The members of the rescue team make their way towards the victim. If they have a display
that can give local information, this helps them to home in on the victim. This is particularly
important if he moves, as his local position information is updated immediately. The operator
can follow the progress of the rescue team on a display in the command and control cell. In
some cases he might intervene, usually by voice communication. If the rescue team’s MUs
have no local displays, the operator would inform them by voice radio if the victim has
moved. As information comes in from the rescue team, the HAP images, or elsewhere, the
rescue plan can be modified. Having up-to-date positions for the victims and the rescue team
members is very helpful for the commander doing this.

When the rescue phase has finished, the team informs the commander and/or the operator.

Surveillance of areas of interest
The wireless cameras can be deployed in areas of interest. These areas can be for example

housing areas, camping-sites or strategic points such as junction crossroads to monitor traf-
ficking trucks etc. Cameras can support this surveillance. Cameras help to reduce the num-
ber of fire-fighters dedicated to surveillance and as a consequence help to fight the fire.

This diagram is an example of using camera for a camp-site evacuation monitoring:
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USER : OSIRIS HAP POSITIONING WIRELESS
OPERATOR SENSORS CAMERAS

The fire frontline is assessed.
Fire is approaching a camping.
New means are sent to
evacuate the camping.
Wireless cameras are deployed L

to observe regrouping zone and wb
monitor the emotv cambina Send WiCam

Description and

Register in OSIRIS

A

capabilities

Request video from Zone

Operator checks the camera
field of view. He changes the Send |Video from Zone

orientation of the camera in I - | L
relevant direction Adjust Camera field of view|in right direction

o

Activate Motion Detection

Operator activates the motion
detection to be alerted if Start detection
something happen in the zone. Cycle

Alert : movement in camping

Operator receives an alert. He
asks for video from the zone.

Request Video from Camping

Intrus is detected. Appropriate Send Video from Camping
means are sent to evacuate him.

Figure 5-9: Example of a sequence diagram for use wireless camera system in case of sur-

veillance

5.3.3 PosT CRISIS PHASE

Once the intervention of the fire brigades is completed, it is sometimes interesting to further
survey possible fire re-flash or to evaluate the extent of the damage. Concerning the last
point, this information can be extracted from images comparison (before and after the fire). If
requested, the HAP could also be used for that purpose once the fire is suppressed. CODIS
staff could perform a damage assessment on the basis of images acquired by the HAP
before the exercise started, or using other available data (e.g. airborne acquisition, satellite
data, ...).

5.4 SPECIFICATION OF SENSORS, INFRASTRUCTURE, AND USER LEVEL
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5.4.1 HIGH ALTITUDE PLATFORM

5.4.1.1 SYSTEM COMPONENTS

The here so-called “HAP sensor” is in fact a whole system called Pegasus. The Pegasus
system is composed of four main elements: the Mercator-1 high altitude platform (HAP), the
Medusa high resolution RGB digital camera (payload), the mobile Ground Control Station

(GCS) and the fixed central data processing centre (CDPC) located in Mol — Belgium (see

Fig below).
Mercator
MEDUSA
Ground contral station
(GC3)
Pegasus
System

Data processing centre

Figure 5-10: Composition of the Pegasus system

Furthermore, some complementary system like the satellite link between the mobile GCS

and the fixed CDPC are also part of the so-called “HAP sensor”.

The Mercator-1 platform (see Figure 5-11) is a stratospheric platform for Earth Observation
(E.O.) operating at our latitudes (52° North) betwe en 14 and 20 km altitude for weeks to
months without landing. The platform uses the state of the art in technological development.
It is a very light-weight structure: ~ 32 kg including payload and batteries for a wingspan of

16 m. The platform is powered by a combination of solar energy cells and batteries.

(A) (B)
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Figure 5-11: A) Scale model of the Mercator-1 HAP; B) picture of the real platform “ready to
fIy”

5.4.1.2 PERFORMANCE
Due to its relatively low speed and low total kinetic energy, the platform is able to turn in a

circle having a very short radius. This allows the platform to hover above a certain region of
interest, thereby offering geostationary capacity for remote sensing. However, moving on an
average speed of ~ 20 m/s, the Mercator-1 platform can cover areas as large as 125.000 km?
on a yearly basis.
Using a circle flying pattern and a payload offering a spatial resolution of 30 centimetres on
the ground (GSD, Ground Sampling Distance), an area of 5.7 kmz2 (respectively 28 km?2) can
be fully covered every 2 minutes (respectively 9 minutes). Using a linear flying pattern, it can
rea of 225 km? (15x15 km?) approximately every 2.2 hours (see figure below).
However, coverage is subject to wind conditions at o p rational altitude.

NS

Coverage ~ 5.7km? Coverage ~ 28km? Coverage ~ 225 km2
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Figure 5-12: Optimal coverage of the Mercator-1 HAP equipped with the Medusa camera
(GSD =30 cm)

5.4.1.3 DEPLOYMENT
The platform can be rapidly deployed when using a launch balloon. However, this patented

technique is quite expensive and has the big disadvantage that the system (balloon + plat-
form) is totally dependent on the encountered winds during the whole ascension phase: the
operating team has no control at that moment, it can just follow the GPS position of the car-
rier on a screen. Depending on the constraints imposed for the clearance, it is possible that
this technology will not used due to this temporary lack of control.

The platform is however also able to start from the ground on its own power (using the two
electrical propellers). The ascension phase takes then about 9 hours to reach the operational
altitude. The ground launch can only be performed when wind speeds are not too strong.

For the demonstration, the Mercator-1 platform should then be launched at least the day be-
fore the demonstration begins. From an operational point of view, the infrastructure required
for the launch and the landing of the platform is limited to an open flat area of 500 x 500 me-
ters, preferably covered with short grass. No airport is thus required as can be seen on figure
below.

Figure 5-13: Picture taken during a test flight performed with a scale model of the Mercator-1
HAP. The launch is performed on a small open flat area.

The Medusa payload is a complex system composed of two 10.000 x 1200 pixels CMOS
sensors, one covered with a Bayer-type RGB filter, the second one used for panchromatic
acquisition: The imagery offering a spatial resolution of 30 cm and a spatial accuracy of the
same order is directly down-linked to the mobile ground station. This allows for real-time vis-
ual inspection of the incoming image information. Above the Focal Plane Assembly (FPA),

the payload contains also all the optics, an inertial measurement unit, a GPS system with the
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corresponding antenna, a transmitter (also with antenna) and a Command & Data Handling
Unit (see figure below). The total weight of the payload is 2 kg.

The payload measures 100 cm length for a diameter of 11 cm and is placed at the front of
the HAP. Due to the low power available during the night (use of batteries only) , the payload
is only acquiring during the day, when the solar cells can provide sufficient energy to supply

both the platform engines as the payload.

GPS GPS antenna

Transmitter

Mirror Lens groups E-box tray

Figure 5-14: Schematic view of the Medusa Payload
The main mobile Ground Control Station (GCS) is composed of a standard 40 feet con-
tainer that includes all the required software and hardware to control the HAP (telemetry) and
to receive and buffer the payload data (raw images). The container is divided in three sec-
tions: a control room, a server room and an engine room (see Figure 5-15). A power genera-
tor is present in the engine room ensuring the autonomy of the GCS. However, during the
demonstration, a connection to the power generator of the Remifor satellite truck will be

tested as the power generator is only foreseen for emergency cases.

(A) (B)
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Figure 5-15: (A) schematic view of the Pegasus GCS container; (B) picture of the screens

The GCS can be rapidly operational if the container’s route keeps to practicable roads/ways
and electrical power supply is provided. For the first phase of the launch and the last phase
of the landing, a secondary (smaller) GCS is used by the pilot. The main mobile GCS takes
only over when the HAP is at an altitude that allows a line of sight with an angle of minimum
5°(see Figure 5-16).

Control by main
ground station

Control by secundary
ground station

Main ground Secundary ground
control station control station

Figure 5-16: Schematic view of the control of the Mercator-1 HAP using two mobile GCS

In order to ensure a maximum autonomy of the main GCS, a 2-way satellite connection (10
Mbps) with the CDPC located at the VITO premises will be used. This will allow the imagery
to be sent directly to the CDPC for further processing but also to transmit, from the CDPC to

the GCS, the modified flying plan as requested by the end-users during the demonstration. It
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is also intended to try the satellite uplink provided by the Remifor truck to test the feasibility

and the flexibility of the system.

The Central Data Processing Centre (CDPC) is located at the VITO premises in Mol (Bel-
gium). It contains the image processing computer infrastructure (a dedicated high perform-
ance computing cluster) for the archiving of the imagery and the production and archiving of
the image products (see Figure 5-17). At present it offers a storage capacity of 40 TBytes.

Figure 5-17: Picture of a part of the hardware available at the VITO CDPC

The CDPC is the main interface with the end-user. Via a web interface, the users can query
the database for new or stored image products. Furthermore, the CDPC can be plugged into
a larger sensor system of systems via web services.

The main aim to be evaluated during the demonstration is the area-wide composite of the fire
line. This image product shall have a resolution of approximately 1 meter (image degraded to
avoid saturation of the system used by the end-users) and will be ortho-rectified. It will be de-
livered in near real-time with an update rate of about 20-30 minutes. The imagery will be de-
livered via OSIRIS in a standard GIS format compatible with the user decision support sys-
tem. Moreover, geo-referenced images in full resolution (30 cm) will be available at higher

update rate (~every 15 seconds) on request.

5.4.2 POSITIONING SENSOR SYSTEM

The UWB positioning system is a prototype that was built for the EUROPCOM project,
though it has been adapted in some respects for OSIRIS. It is thus significantly different from
a final system that would be used by fire services. In addition, the exercise is a demonstra-
tion thus it is quite different from a real fire. This section describes the positioning sensor sys-

tem components.
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5.4.2.1 SYSTEM COMPONENTS
The UWB positioning system consists of the following parts:

A control unit (CU), which would be installed in one of the fire-fighters’ command ve-
hicles (or the OSIRIS vehicle for the demonstration). This contains the computer re-
sources that control the system, store data, and support displays. A link to at least
one BU is required (see below). In addition to any remote display stations, the CU
used for the demonstration will include its own display (or mission MMI).

A mission MMI. The positions of the UWB units are displayed on a map display, and
this can be either dedicated to the UWB positioning or shared with other functions.
The Mission operator can interact with the display, and also through the CU with the
other parts of the system. In OSIRIS the mission MMI will be part of an operator’s
display in the command and control cell.

A Support MMI. The main set-up and operation processes of a final system are all
managed from the operator’'s display position. However, there might be some points
(e.g. communications management, or audit trail capture) for which a support staff
member would use a second display position. In the demonstration this will certainly
be needed for engineering support and to supervise recording of internal system
data.

Base units (BU). Each BU is a UWB terminal combined with another radio terminal
that links them all to the CU. For the demonstrator this link will be a 2.5 GHz wireless
LAN (WiFi). Each BU also has a GNSS receiver capable of accurate absolute posi-
tioning, for example by using carrier-phase differential methods (also known as RTK —
real-time kinetic).

Mobile units (MU). These are small UWB terminals that can be carried by hand, in a
pocket, or integrated with other equipment or clothing. A MU can have a small map
display, or a few lights and buttons, or just an alarm button. For the demonstration, a
PDA can be attached to simulate the map display and possibly other display ar-
rangements. Each MU is combined with a high sensitivity GNSS receiver, and the
measurements of both GNSS and UWB systems are used together.

Dropped units (DU). These are like MUs but with only an “on” button. They are carried
by fire-fighters to be dropped off where they are needed to add extra nodes to the
network. DUs and MUs are very similar in their mode of operation within the UWB
network, and may be collectively called portable units (MUs have some specific func-

tions).
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The demonstration UWB units are larger than the final design will be, and are usable as a BU
or MU, by connecting them to other units for display, power, and GPS. DUs are a single box
with a UWB unit and a battery inside. For use as an MU, a UWB unit is connected to an ex-
ternal battery and a small GPS receiver (though not all will have this at the demonstration). A
PDA can be added to provide a display.

Each vehicle and person (all fire-fighters and some others) can be equipped with an MU in-
tegrated with their standard equipment or clothing. There are also spare “pool” units to give
to anyone who has not got one, and a supply of DUs that can be placed so as to improve the
network coverage. The demonstration will use up to 20 units in total, divided to suit the de-
tails of the scenario (for example 5 BUs, 10 MUs, and 5 DUS).

A UWB unit is configured as a BU by connecting it to a PDA with a WiFi interface, and to a
CPD-GPS receiver. The GPS receiver also needs a mobile phone or other means to receive
the CPD corrections. The choice of wireless networking method for a final system will de-
pend on the application and might not be WLAN. Power may be available from a vehicle, but
external batteries will be connected if they are needed. For the demonstration at least 6 BUs
will be provided, either mounted on vehicles or on short masts to represent vehicle mounting.
The system recognises each unit by its internal ID number, but the display has to show each
person by name with a suitable icon for their job function, rank, etc. Thus, for MUs the CU
must look up the holder's name and details. For the demonstration these details are entered
at the start, when each person is given an MU. In the final system the allocation of MUs to

people could be kept in central records, so staff can be moved from one site to another.

5.4.2.2 DEPLOYMENT
On arrival on site, the vehicles are arranged to form a suitable geometry for the bases. These

must not be in a straight line, and should not be in a horizontal plane. If there are not enough
vehicles, or they cannot be arranged suitably, base units can be put on masts or attached to
other things (e.g. on a nearby building or tower) instead. For the demonstration, masts will be
used where it is not practical to mount terminals on vehicles temporarily, and a battery will
supply the power.

The base units locate themselves accurately by carrier-phase GNSS, and start to “discover”
the network topology of the BUs themselves. The system sets up the transformation from its
own measurements to the coordinate system of the maps in the Mission HCI. The BUs then
start transmissions that allow any enabled MU and DUs to synchronise to them and start to
exchange messages with the BUs and each other. Initially all these portable units are likely

to be close to the vehicles.
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The UWB units measure the length of the radio paths as they communicate with each other,
and each pair within radio range of each other can thus find the distance between them.
Each node can then compute its position by triangulation from others with fixed or already
computed positions, just like surveying to make maps. This needs a minimum of two range
measurements in a flat area where 2D positioning is adequate, or three if 3D positioning is
called for. However, the actual positions of the references also matter (they should be spread
well apart in angle from the position being calculated). It is always better to have more than
the minimum number of references, and sometimes it is essential.

MUs position from BUs as their first choice, as these have the most accurate positions.
Those further away cannot do this, so they use other MUs or DUs as their references. UWB
units assess the quality of their own position as it is calculated, and indicate when there are
too few other units around it (i.e. positioning is likely to fail if this unit moves a bit further in
some directions). Its user can then deploy a DU, which will locate itself and then be available

as a fixed reference for others.

Remark upon potential use of DUs as sensors:

The positioning units are only present during fire-fighting activities, not during the monitoring
phase. DUs can be left where they would be useful as sensors, but can only send their data
to OSIRIS when the rest of the network, i.e. the fire-fighters and their vehicles, are present.
Thus during the fire-fighting stage they can act as sensors in places where there are no fire-
fighters. MUs are distributed the same as the fire-fighters, so they do not provide additional
data. Thus there is some scope for the UWB units being exploited as sensors in OSIRIS, but

it is limited.

5.4.2.3 EXTERNAL INTERFACES

The main thing that the UWB units sense is position itself, and this information is used at the
site by the local commander. For MUs the position, user ID, and related data are sent to the
local command and control cell. There might be a need for a copy of this display at another
location, for example to allow another control point to take over while the first moves. This
would call for all of the data to be sent there as well. It is unlikely that individual positions, or
even incomplete sets of data, would be of any use.

Data will be routed from the UWB positioning system to the command and control cell di-
rectly or via OSIRIS. Using OSIRIS has a number of advantages in that is already connects

the relevant places and, probably, processing components. The fire services may not want
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any other OSIRIS users to be able to reconstruct the command display, for a number of rea-

sons. The security mechanism within OSIRIS can be used to implement a virtual private link.

While MUs are always in the same place as fire-fighters, DUs can be left unattended and so
sensors on a DU could be useful for monitoring. The most useful sensor option for a DU ap-
pears to be an external temperature sensor, though others can be considered. Temperatures
would be made available as OSIRIS inputs at the CU, as are positions. These can be used
remotely, though as they will be in the active fire-fighting zone they may be hard to interpret
without more context data.

Each demonstration MU has an internal temperature sensor, and its data is sent with each
position report to the CU. This can be used as an indication of external temperature for the
demonstration.

The UWB positions are sent via the UWB network in private local co-ordinates, and are only
converted into WGS84 co-ordinates at the CU. These would normally be sent to the mission
HCI and stored there, but they could be stored in any local OSIRIS component as well. It
would then be possible to treat this as a server in the OSIRIS architecture, rather than regard

the CU as a set of individual sensors.

5.4.3 WIRELESS CAMERAS SYSTEM

The wireless camera system is an easily deployable system for surveillance. This system is
composed of cameras that can be deposited in an appropriate location for surveillance and
specific observations; when the crisis is over, they are removed. These cameras can deliver

still images and video on request.

Due to their generic functions, these cameras can be used in several situations and can be
attributed to various purposes, as:

evacuated zones

dangerous zones

strategic traffic points such as streets, crossroads, junctions etc...

The visual data provided are useful for:

abnormal human presence detection.
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monitoring the evolution of dangerous situations.

assessment of operational forces on site.

5.4.3.1 SYSTEM COMPONENTS

The system is composed of:

an “interface module” composed of the wireless communication means linked to the
communication relay described below. It hosts computer resources for the camera
management and implements the OSIRIS interfaces. This proxy server has to be
connected with the OSIRIS sensor web in order to provide data from the cameras.
Interface module and on site OSIRIS facility are linked through a local network.

a “communication relay module” deployed in the area of interest. It relays requests
from user to cameras and routes data from cameras to the proxy server. It is com-
posed of two distinct wireless interfaces and linked to the proxy through a point-to-
point wireless link; it also connects wireless cameras with an omni-directional wire-
less interface covering the area where cameras are deployed. This equipment can
be powered by batteries or AC supply.

a set of “camera modules” deployed in the area of interest. These cameras are Pan-
Tilt-Zoom cameras which means that their field of view can be modified (2-axis of ro-
tation and an integrated zoom). These cameras produce images in the visible range.
They are linked through a wireless interface to the communication relay. They are

powered by batteries.

Han

OSIRIS
on site Interface
facility Module
Communication Camera Module
Relay Module

Figure 5-18: Wireless camera system description

This system implements specific functions such as:
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Remotely modify pan/tilt/zoom parameters of the camera.
Activate motion detection.
Optimise power consumption.

Schedule acquisitions.

5.4.3.2 DEPLOYMENT

The wireless camera modules are deployed during the crisis phase, especially in the use
case “Surveillance of area of interest”. The area of interest is distant from the OSIRIS on-site

facility.

On arrival on site, the interface module of the wireless cameras is connected to the OSIRIS
sensor web (basically near the OSIRIS facility close to the command and control cell). The
antenna of the interface module is set up for example on a mast and moves toward the in-
tended area of surveillance. The communication relay module is used to communicate with
the Command and Control cell. Its directional antenna is adjusted in the direction of the pre-
viously described antenna. Then, cameras modules are deployed in the area of surveillance
around the communication relay. It is expected to use approximately 3 cameras in the de-

ployed system for the forest fire scenario.

5.4.3.3 INTERFACES

The wireless camera system is connected to the OSIRIS system via OSIRIS recommended

interfaces. The interfaces are implemented in the proxy.

The services provided are:
access to camera observation (both images and video stream)
access to the parameters of the camera (orientation, acquisition schedule, ...)

receipt of alert/alarms from camera system (motion detection, power failure, ...)

5.4.4 MOBILE METEOROLOGICAL STATION

The deployment of a mobile meteorological mast equipped with different wind, temperature

and humidity sensors (conditions still to be discussed) is envisaged.

Page 48 of 140

This document is the property of the FP6-OSIRIS Consortium and may not be copied or communicated without written consent.



OSIRIS-WP2400-DEL-0017

Scenario Definition

PUBLIC

The system can work autonomously for several days with sensors placed at two different

heights (between of 2 and 10 meters). The main characteristics of the system are described
here below.

Sub-parts :
Telescopic mast
Sensors : wind speed (x2) , wind direction (x2), temperature (x2) and relative humidity
(x2)
Datalogger

Electrical power supply (batteries)

Mast type : CLARK QT12M/HP

Type : telescopic (8 sections)

Max. height : 11.56m

Weight : ~ 40 kg (incl. stabilization feet)

Supports max wind speed : 128km/h (35.55m/s)

Direct data transfer to PC via RS232 cable (up to 4m, with amplifier up to max 1000 m)
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Figure 5-19: Schematic view of the mobile meteorological mast equipped with the different

Sensors

5.4.5 INFRASTRUCTURE

5.4.5.1COMMUNICATIONS MEANS

In order to simplify the management/deployment of the communication means, wide use of
Ethernet connections is recommended between the system of sensors and the OSIRIS core
system.

For sensor systems: their own internal communication means are used according to their
specific needs.

For internet connection, REMIFOR could provide some resources.

For connectivity reasons, the OSIRIS infrastructure is composed of one local network on site.

Sensors, Command and control cell and CODIS are connected to this system, via:
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a local network for cameras, positioning and weather sensors and Command and
Control cell.

data from HAP are accessible through internet (at the level of CDPC).

HAP can be tasked via an interface available at GCS level.

a satellite link between CODIS and Command and Control cell.

Remark: in a full operational deployment, the OSIRIS system should be composed of a re-
gional capacity (for HAP and CODIS), and mobile on-site capacity (for local sensors).
Through this organization, on-site data are available at local level as well as CODIS level. In
case of internet network failure, the on-site Command and Control cell continues benefiting

from local information. Robustness could be improved with this choice.

CODIS

&

REGIONAL OSIRIS
CAPACITY

—— SAT LINK
~L— WIREDLINK

POSITIONING §
SYSTEM &5

NET Monit. cell
WIRELESS § C&C cell
CAMERA SYS. &5 —, @
ONSITE OSIRIS —C
WEATHER § CAPACITY
STATION &8

Figure 5-20: Forest fire infrastructure

CODIS and other remote authorities have access to data through Internet (see figure below):
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Figure 5-21: Forest fire dataflows

REMIFOR will place several trucks at the disposal of the OSIRIS demonstration. These
trucks will be used to host:

the OSIRIS architecture and core services
Command and control cell
Part of the system of sensor devices

End-user display application

The OSIRIS core system

The computers of OSIRIS core system could be hosted in a vehicle or in an encampment
provided by REMIFOR. Hardware specification will be provided further in the next steps of
the demonstration specifications.

Command and Control cell
Vehicles from REMIFOR: the VSAT and an in-situ Command and Control cell are available,
coupled to COS and CODIS using satellite link. Those vehicles benefit from information on

the sensors, coming from the OSIRIS system, in order to perform the in-situ C2 (Command

Page 52 of 140

This document is the property of the FP6-OSIRIS Consortium and may not be copied or communicated without written consent.



OSIRIS-WP2400-DEL-0017

Scenario Definition

PUBLIC

and Control) capacity: images coming from HAP sensor (outline of the fire), video from

wireless cameras, positioning of the fire-fighters, local and regional meteorological data.

The OSIRIS deployment of the scenario and the SWE interfaces are shown hereafter:

Ground UNPROCESSED IMAGES
Controy
Statio ]
L VITO Data
REAL TIME VIDEO Processing
MONITORING / SUPERVISION HAP (BE)
UNPROCESSED IMAGES
SWE SWE
HAP SENSOR

PROCESSED IMAGES
MONITORING / SUPERVISION

OSIRIS TRUCK _ _,

BU BU

%
2
i

WIRELESS SMART L L e e e e
IMAGING SENSOR

BU

POSITIONNING SENSORS SYSTEM

Figure 5-22: Sensor connection

The WP6000 will detail the set of OSIRIS services. At this stage, the identified SWE services
which will be validated through this demonstration are those for:

sensor data access,

sensor tasking,

alerts triggering.

5.4.5.2POWER SUPPLY
French fire-fighters and REMIFOR will provide power supply to their trucks and HAP ground

control station.
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5.4.5.3HUMAN INVOLVEMENT

For this OSIRIS demonstration, the decision chain involved is representative of a real case:
The fire-fighters of the group of attack (15 to 20)
Operators (including COS) of the command and control cell

Operators (including the regional officer) of the CODIS

OSIRIS has an impact on several level of this organization:
At the CODIS level, during monitoring and crisis phases. CODIS can task the HAP to
observe zones of interest.
At the COS level, COS is provided with relevant information on the forest fire and can
decide the fighting strategy.
At the fire-fighters level; positioning sensors locate them and improve crisis man-

agement. The alarm function enhances their security.

Other actors for this demonstration are:
the piloting team of the HAP this represents at least 4 people continuously and about
11 to 15 people for the launch and landing procedures. VITO will manage the opera-
tors needed for the piloting of the HAP.
people in charge of the sensors, TRT for the UWB positioning system, TCF for the
wireless cameras.
local administrators (e.g. mayor).

security organisms (police force, departmental equipment organisation).

5.4.6 USER INTEGRATION

The data gathered by OSIRIS will be accessible to the operator in the Command and Control
cell. To manage the crisis phase, the data will be displayed in an application and put at the
disposal of the COS in the Command and Control cell.

Other actors may need the information produced by the sensors deployed in the theatre of
the forest fire (e.g. CODIS, local administrations, police, ...), Command and Control can pro-

vide in-situ data gathered around the fire to other actors through an internet link.
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The data gathered by OSIRIS will be displayed in an application based on a GIS. The appli-
cation will integrate several layers showing:

Position of High Altitude Platform.

Positions of fire-fighters.

Positions of wireless cameras.

Picture of the fire from HAP.

Vector Fire Front line (realised by operator).

Map of the area.

Weather information such as wind direction for example.

At CODIS level:
Starting point of the fire.
Size of the area.
Regional weather information (wind, direction, strength, etc.).
Cartographic data (shape and raster files).
Traffic information.
Hypothesis of fire evolution.

Proposed fire-fighting strategy.

This user-interface will broadly use existing standards for the display of information. The rep-
resentation of operational forces will be the same as the generic representations already

used by fire-fighters.

Information refresh rate will be approximately every minute.

By clicking on a sensor on the map, further information can be displayed through a new win-

dow or in a specific area of the main window.

This application will allow access to sensors tasking capabilities such as :
Define new flight pattern for the HAP.

Access camera tasking capabilities.
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Specific functions will be provided to match user’s need:
Screenshot of the current information displayed in the application. This will en-
able rapid diffusion of the last operational tactic situation to authorities and com-

mandment.

During the monitoring phase, the data acquired by the HAP is buffered on the level of the
GCS and is further sent to the CDPC at the VITO premises for further backup. The data is
not processed further as no request for specific image products are specified. However, a
composite image (global view of the region that has been overflow) can be produced on re-
quest at a regular interval (e.g. every half an hour).

During the crisis phase, images are also sent to the VITO-CPDC after buffering in the mobile
GCS. However, image processing is directly performed in order to build the composite (ag-
gregation of different images sequences in one bigger image) and to systematically deter-
mine exact X,Y coordinates of the different images (geo-referencing). Supplementary proc-

essing (level 2 and 3) will also be possible for the end-users using query functions.

5.5 RISk AND BACK UP SOLUTIONS

5.5.1 HIGH ALTITUDE PLATFORM

In case the HAP could not be used, alternative solutions shall be identified. Lower altitude
UAVs seems to be excluded for forest fires. The use of supplementary manned air-
planes/helicopters dedicated to the image acquisition still needs to be investigated.

A possibility is the use of camera mounted on board of the aircraft operated by the different
intervention teams to get imagery. This implies that a camera should be available as well as
hardware for wireless data transmission. This will be investigated in the future.

In case the Medusa payload (which will still be in a prototype version) suffers some technical
problems or provides unsatisfactory results, a dedicated video camera can possibly be ac-
quired (supplementary costs) as an alternative payload on board of the Mercator-1 platform.
The video camera composed of a CCD sensor ~ 750 x 580 pixels can provide images with a
spatial resolution of about 60 cm/pixel. The delivery period is about 6 months. However this
payload will not be equipped with an Inertial Measurement Unit (IMU) nor with an internal

GPS. This implies that the precision on the geo-referencing will be much coarser.
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VITO will thus develop, in parallel to the development of digital image processing, a process-

ing chain able to process video Pal imagery.

5.5.2 POSITIONING SYSTEM

The proposal identified the following risks and mitigation measures related to the UWB posi-
tioning system:

Clearance on UWB frequency may be difficult to obtain in France:
Mitigation: “Start from the beginning of the project the actions to get the administration clear-
ance.” This is underway. As a back-up, if the clearance still cannot be obtained, trials and
demonstrations can be performed separately in the UK, for which TRT have been granted
non-operational licenses already. In this case, the data would not be available for the rescue
mission live demonstration.

Perturbation of UWB signal due to forest environment:
Mitigation: “Integration of other positioning techniques. Justification of increased transmitted
power above that allowed by standard regulations, since the environment will also limit inter-
ference potential.” The impact of trees on the UWB and GPS signals, and consequently the
benefit of integrating their measurements, is one of the important outcomes of the project.

Difficulty with the interface from the UWB system into the main sensor network:
Mitigation: “Early definition and agreement of requirements.” We now know that this interface

is quite simple, and low risk.

5.5.3 WIRELESS CAMERAS

If a camera module is out of order, the wireless camera system functionalities will be demon-
strated with the other camera modules of the system. In case of bad wireless transmissions,
distances between modules could be reduced in order to have sufficient performance for the
demonstration. If one or more issues completely prevent the wireless cameras system from

normal or degraded use, the delivery of data will be simulated in software.
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6. INDUSTRIAL RISK MANAGEMENT SCENARIO

6.1 SCOPE OF THE SCENARIO

General Description

This scenario focuses on industrial risk management. Due to the large amount of different in-
dustrial risks, the focus is on indoor industrial fire threats. The validation will be realised in a
real fire training environment by detecting a fire with a wireless sensor network combined

with information management and adequate response action support.

The aim is to use the sensor information provided by the OSIRIS services for a mapping of
fire growth and smoke spread in buildings. Moreover, the location of a fire will be identified
and a mapping of fire growth and smoke spread in the building displayed. This information
allows fire-fighters to accurately react to fire-related incidents as well as to orchestrate a pos-

sible evacuation of humans.

A real fire with propane gas within an industrial-like building will demonstrate the advanced
fire fighting strategy using the OSIRIS framework.
The scenario targets to demonstrate the crisis cycle from the Monitoring Phase via the Alarm

& Response Phase to Post Crisis Phase.

Aim of the demonstration

The aim of this demonstration is to prove the overall project functionality with the example of
a wireless sensor network. This sensor system shall detect fires and reduce false alarms.
The sensor system shall allow the hot integration of new sensors, their tasking and informa-
tion access. Moreover, the sensor information shall assist the fire fighters response by pro-

viding targeted information about the location and extension of the fire.

This demonstration could be the first demonstration of the OSIRIS project and could there-
fore provide valuable input for the validation of the project developments for the following

demonstrations.
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Partners involved

The members of the OSIRIS consortium involved in this scenario are :
- Firedepartment Aachen

- APS

Demonstration illustration
The next figure intends to illustrate simply the different actors (people and resources) which
will be present in the scenario in order to provide context for the following paragraphs.

FACTORY
MONITORING
ROOM

MAP OF THE BUILDING

@
O

Temperature

. . B - N

Figure 6-1: Industrial Risk Management scenario illustration

6.2 DESCRIPTION OF THE APPLICATION AREA

Location

The demonstration will be undertaken at the live fire training ground of the Firedepartment
Aachen Nord, Mathieustrasse, Germany.

This area was the first one in Europe offering specific conditions for assessing and evaluat-
ing fire fighting strategies. It is used by German fire fighters as well as by fire fighters from

Belgium and The Netherlands.
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Figure 6-2: Exterior view of the training lab

The test ground offers an optimal environment for controlled, reproducible, and variable con-
ditions with different fire places, and several access points in the building. The fires are pro-
pane driven and can vary in their size. Flash-over' can be induced, too. Gas sniffers prevent
automatically a propane overload. Three different rooms are included, all equipped with sen-

sors. An exhaust system with induced draught fan extracts heat and smoke with 10.000 m*/h.

Site

The training site is on the outskirts of Aachen and allows access with fire engines.

Schedule
The demonstration can take place in any weather condition or season. A one day demonstra-

tion is sufficient.

Authorisations required

No authorisation is required.

! ‘Sudden transition to a state of total surface involvement in a fire of combustible materials within a
compartment’ (British Standard definition BS 4422, 1987)
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6.3 OVERVIEW ABOUT THE DIFFERENT PHASES

The scenario dealing with industrial risk management with focus on fire will cover the phases

monitoring, fire detection and verification, alarm and crisis response as well as post crisis.

Figure 6-3: Crisis cycle at the Industrial Management Scenario

Installed sensors are smoke detectors, heat sensors, and webcams.

Sensor information is displayed at a notebook/PC in a central unit.

A smoke detector and a heat sensor are coupled to a sensor node via a microcontroller.
Hence air parameters like dust or fast changing temperatures can trigger an alarm, the sen-
sor nodes can be adapted to different environments (see Table 6-1) in order to be less sensi-

tive to environmental changes inducing a false alarm.
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Profile Example Particles temperature
1 Normal indoor Average Average
2 Attic / Hall Average High
3 Office Low Average
4 Entrance High Average
5 Garage/Production High High
6 Cellar High Low
7 Laboratory Low Low

Table 6-1: Different sensor profiles according to different environmental parameters

The temperature sensors trigger an alarm by a temperature rise above a threshold or by dif-
ferential temperature rise within a certain period. The differential temperature has three algo-
rithmic loops. The first loop measures within a time frame of approximately 5 seconds, the
second time frame within 20 seconds and the third within one minute:

1. Loop indicates a pre-alarm

2. Loop indicates pre-alarm or alarm according to the profile

3. Loop indicates an alarm

To avoid false alarms by natural matters, pre-alarms indicate the detection of events which
might be a threat. Each pre-alarm must be verified by either other sensor measurement(s) or
by an operator. However, all pre-alarms are notified and recorded in a central station. A

multi-hopping wireless communication network allows the transmission of messages.

An alarm is triggered if a temperature or particle sensor measures a value above its thresh-

old. These thresholds can be modified according to the changes of the ambient air parame-

ters.

Profile Example Temperature Threshold
1 Acclimatised environment Low 30C
2 Laboratory Average Ambient Temperature+10CT/max35T
3 Production Environment High 60C

Table 6-2: Profiles of absolute temperature thresholds
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The monitoring phase comprises the verification of pre-alarms combined with the decrease
of false alarms.

The fire detection and verification phase comprehends the verification of a detected fire.

The alarm and crisis response phase includes the alarm activation and support of adequate
response actions.

The post crisis phase deals with the support of the fire-watch.

The figure below gives an overview about the different phases, which are described in the

following chapters.

Figure 6-4: Sequence diagram of the different phases

6.3.1 MONITORING PHASE

Aim of this phase is to detect an indoor fire and to downsize the extent of false alarms. The

sensor nodes can be adjusted to different environmental parameters in order to prevent false
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alarms and raise the sensitivity of the nodes. In case of a false alarm, the source of the prob-
lem can be immediately verified, so that responders will not loose confidence in the alarm re-

ports.

6.3.2 ALERT AND VERIFICATION PHASE

If a sensor node measures values above its threshold, a pre-alarm is triggered. Sensor sig-
nals indicating a fire are verified by either cooperating sensors or fire detection routines at
the central unit. Further, a remote operator can manually verify the alert with a webcam. In
case of an alarm, the central unit receives a notification and the surrounding sensor nodes
raise their sensitivity. Neighbouring nodes are defined as nodes which are within the distance

of one hop in the multi-hopping network.

Figure 6-5: Multi-hopping message transfer and rise of sensitivity

The sensor signals have an integrated notification appliance with an audible alarm signal to

warn humans of the fire.

6.3.3 DECISION MAKING AND RESPONSE PHASE
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The decision making and response phase is crucial for the fire suppression, because the ini-
tial decisions about tactics and resource deployment for search and rescue, ventilation and
suppression have a significant impact on the effectiveness of the response action.

At the central unit, a map of the building indicates the location and extension of the alarm
originated. This information can be provided to the response forces at a mobile headquarter
in order to improve the fire fighting. Therefore, the response actions can be directly sup-

ported and headed to the fire source.

6.3.4 PosT CRIsIS PHASE

After successful fire suppression, sensor nodes which had been in close environment of the
fire origin should be checked before re-deployment. This is especially the case with the
smoke detectors due to the large amount of air particles after fires. However, the nodes can
give valuable information because a special profile, which is adjusted to the ambient air, can

be set for the sensor nodes.

6.4 SPECIFICATION OF SENSORS, INFRASTRUCTURE, AND USER LEVEL

6.4.1 APPLIED SENSORS

The amount of false alarms is a major problem of fire detectors. The combination of several
sensors can lead to a significant higher detection rate of real incidents. Therefore, the inte-
gration of several sensors into a multi-criteria fire detector is preferable. The sensor nodes

will have a temperature and particle sensor. A webcam will complement the sensor network.

The sensors gather environmental parameters and can trigger alarms. The sensor data
transmission and alarm notification will be done by web services via the Sensor Web En-
ablement. A dedicated computer will be installed with a proxy-server and acts as the link be-
tween the OSIRIS system and the wireless sensor network.
The intended services to be implemented are those for:

- sensor data access,

- parameterising sensor nodes,

- triggering alarms and pre-alarms from detected incidents.
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The following sections detail the sensors which are deployed within the wireless sensor net-

work.

6.4.1.1SMOKE DETECTOR
The smoke detector is an optical detector which works by emitting a straight line infra-red

beam from the sender to the receiver, which is a photo diode. When smoke enters the beam,
some amount of light is scattered. Therefore, less light reaches the receiver. A decreased in-
put of light into the receiver triggers the pre-alarm or alarm according to two different thresh-
olds. A pre-alarm is set of by a lower threshold than the alarm. The thresholds can be fine-

tuned remotely.

6.4.1.2HEAT DETECTOR
The heat detectors react to the sudden change or rise in ambient temperature from a normal

baseline condition as well as if a threshold is exceeded. Any sudden temperature increase
that fits the predetermined alarm criteria causes an alarm. Such type of heat detector reacts

to a lower threshold condition than sensors with a fixed threshold.

6.4.1.3CAMERA SYSTEM
Camera vision fire detection systems will be used by an operator to manually verify detected

fires. In addition, they will be utilised for automatic fire detection by advanced motion detec-
tion in combination with an analysis of the brightness. Further advantages include their ability
to identify the fire location and to track its growth.

Their potential integration into fire detection systems is facilitated because they are already
standard equipment in many buildings. Therefore, augmenting existing systems for fire de-
tection by image recognition may increase the sensitivity to detect real fire events. Another
potential benefit is the real-time assessment of fire conditions and for search and rescue op-

erations.

6.4.2 INFRASTRUCTURE

The operational and decisional forces will be a fire-brigade consisting of fire-fighters and fire

engines as well as a mobile headquarter.
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The Firedepartment Aachen has several fire engines at its disposal for the OSIRIS demon-
stration. A central unit, dedicated as a mobile headquarter, will be provided with all required
information gathered by the sensors and enriched through the OSIRIS system. The central
unit will contain a mapping device. The use of further mobile devices is under discussion. A
proxy-server interconnects the OSIRIS network with the wireless sensor network by perform-

ing the required protocol conversions.

The OSIRIS Core System

Computers will be provided by APS to host the OSIRIS system. The wireless sensor network
will be developed by APS and will be temporarily installed. A proxy-server will be provided by
APS.

Command and Control cells
Fire engines and fire-fighters will be provided by the Firedepartment Aachen. The mobile

headquarter will be staffed by the Firedepartment Aachen and APS jointly.

6.4.3 USER INTERFACE

There are two different ways to be notified by an alarm. The sensor nodes have integrated
routines which trigger an alarm if a fire threat is detected. At the central unit, a mobile
computer maps the sensor data and pre-alarms and alarms. In case of a detected fire, it
shows location, extension, and fire progression.

The information will be shown in near-real time, the latency being of the order of a few
seconds.

The central unit allows service invocation at the sensor nodes. Sensor data can be gathered
via the proxy server. Furthermore, the sensor nodes will have implemented a remote access
to adapt the thresholds of heat sensor and smoke detector according to rise or lower their
sensitivity if deceptive alarms happen.

Contrary to commercially available systems, additional information can be obtained from a

time analysis of smoke density and temperature distribution.

In summary, the advantages are:
Verification of alarms

Decrease/elimination of false alarms
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Mapping of incident location
Tracking of fire spread
Threat assessment for decision making

Supporting adequate response strategy and resource planning

6.5 RISk AND BACK-UP SOLUTION

There are no special risks in availability of sensor systems or any other hardware, because
they are market available (COTS). Problems with dysfunctioning systems will be decreased
by extensive testing. There is no clearance of any authority required. The test site proved its
functionality during the last ten years with multiple runs. In the case of any malfunction of this
training site, there is the possibility to demonstrate the scenario results at the flash-over

container of the Firedepartment Aachen, which is located at the same area (see Figure 6-6).

Figure 6-6: Flash-over container for back-up solution

In contrast to the foreseen demonstration site, the fire in the flash-over container is fuelled by

wood.
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7. AIR QUALITY SCENARIO

This part of document details the Air Quality Scenario to be implemented for the OSIRIS live

demonstration: “Air Monitoring Scenario” and “Air Hazard Scenario”.

7.1 SCOPE OF THE SCENARIO

General Description

This scenario will be developed for demonstration and evaluation of the OSIRIS project re-
sults in the area of Air Quality Monitoring. Sensor information provided by the OSIRIS ser-
vices will be used to monitor the levels of pollution of the city of Valladolid and to track the
evolution of pollutants in the case of a crisis situation. This scenario is subdivided into two

sub-scenarios:

1. Air Monitoring Scenario : Air quality sensors assembled on a bus will measure NO,
NO, and noise and an on-board communications system will send the sensor infor-
mation with the adequate time and positioning to the Control Centre.

2. Air Hazard Scenario : A railway accident with toxic substances propagating in the
atmosphere will be simulated with a controlled emission of a non-toxic substance like
SF6. A micro-UAV and Civil Protection members will take samples of the air in the af-

fected area.

These two scenarios are widely described in section 7.3.

Aims of the demonstration

The aim of the air quality scenario of Valladolid is to deal with all the phases addressed by
OSIRIS: Monitoring, alert and crisis response. The demonstration will prove the functionality
of the OSIRIS architecture to manage both air monitoring and air hazard phases in an air

quality survey system.
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Partners and sensors involved

The members of the OSIRIS consortium involved in this scenario are:

- AUVASA : provides the bus for the demonstration.

- Valladolid’'s Environment Department : is the end-user and provides the Control
Centre and the data from the nine fixed AQM stations of the city.

- GMV: provides the fleet sensors, the communication system for the monitoring sce-
nario and the Control Centre infrastructure.

- TCF: provides the low altitude UAV for the air hazard scenario.

- VITO: provides the dispersion model PC-Puff to track the evolution of the pollutant in

the air hazard scenario.

The city of Valladolid has already a fleet management system installed in the urban buses

infrastructure (AUVASA) implemented by “GMV Sistemas” providing:

- Accurate positioning of each bus member of the fleet.

- Stops time predictions.

- Bi-directional communications system between each element of the fleet and the con-
trol centre.

- Fleet control centre for data display and fleet control.

The city has also nine air quality monitoring (AQM) fixed stations measuring the most impor-
tant pollutants: CO, CO, NO, NO,, Oz, SO,, PM;, and PM,s, benzene, toluene, xylene and
noise and some meteorological parameters: atmospheric pressure, temperature, dew point,
humidity, wind direction and sun radiation in some of the most representative points of the
city. This information will be available in a database to be used as input for the dispersion

models.

Demonstration illustration
Figure 7-1 illustrates the different actors (people and resources) which will be present in the
scenario in order to provide context for the following paragraphs. The infrastructure which will

be deployed is given in section 7.4.2.
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AIR MONITORING
CELL

MHDVXUH RI WKH 12 12 DQG
QRLVH YDOXHV DW HYHU\ EXV VWRS
7LPH DQG SRVLWLRQLQJ

VALLADOLID

Figure 7-1: Air Pollution scenario illustration

7.2 DESCRIPTION OF THE APPLICATION AREA

Location

The demonstration will take place at Valladolid. This city is the capital of the “Comunidad
Auténoma de Castilla 'y Leon”. It has an extension of 197,5 km2 and more than 320.000 ha-
bitants.

Its strategic geographical situation, in the middle of the north side of Spain, has contributed
to rapid development of the city, including automobile industry, chemical and other value

added activities.
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Figure 7-2: Valladolid location

Site
The site of the monitoring scenario will be the city-centre of Valladolid.

The site of the air hazard scenario will be at the outskirts of Valladolid.

Schedule

Valladolid’'s scenario demonstration is intended to be performed during two days in October
2008: One day for the monitoring scenario and another day for the air hazard scenario. Be-
fore the monitoring demonstration, the on-board air quality system has to have been working

for at least 200 hours.

Authorisations required

Some agreements are required to carry out the demonstration:

- The agreement of the Valladolid’s Council to perform a controlled emission of a non-toxic
substance like SF6 for the “Air Hazard” scenario.

- The agreement to put available via web to the OSIRIS system the data from the Vallado-
lid’s fixed stations.

- The agreement of the Civil Protection members to participate in the “Air hazard” scenario

taking samples of the air of the affected area.
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7.3 DESCRIPTION OF THE DIFFERENT PHASES

The air quality scenario of Valladolid addresses all the phases covered by OSIRIS: Monitor-

ing, alert and crisis response.

For the monitoring phase, air quality sensors to measure NO, NO, and noise will be assem-
bled on a bus. Dispersion models will combine the measurements from the fixed stations of
Valladolid and the measurements from the fleet sensors to create city pollution maps.

In the case of a crisis situation (dispersion of a contaminant in the atmosphere), the local au-
thorities will activate the alarm and a micro-UAV will be deployed to take air samples and to
give some meteorological information of the affected area. Dispersion models will be used to
predict the phenomenon evolution using, if possible, measured meteorological input data
coming from the fixed network of AQM stations or airport, etc. made available through Sen-
sor Web.

The following picture shows schematically the different phases:

Monitoring
-Fleet sensors measuring NO, NO2 and Noise.

-Fixed stations measuring the main pollutants and
meteorological parameters

-Dispersion models combining fixed and mobile Alert
measurements to create city pollution maps. —_—
The local authorities go to the affected
area to make a first evaluation of the

situation and activate the alert.

Response to a Crisis Situation

-A mini-UAV is deployed to take air samples and
to give some meteorological information of the
affected area.

-Dispersion models are used to predict the
phenomenon evolution.

Post Crisis Phase
-With the dispersion models results the
authorities are be able to track the evolution of
the contaminant and to give response to the
crisis: evacuation...

- After the crisis phase, things go back
to the normal. Return to the monitoring
phase.

Figure 7-3: Overview of the different phases in the air quality scenario
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7.3.1 MONITORING PHASE

7.3.1.1DESCRIPTION OF THE PHASE
The monitoring phase corresponds to the Monitoring Scenario mentioned above. During this

phase, on-board sensors will be used to monitor the air quality of the city of Valladolid. Air
quality sensors will be installed in one of the urban buses to measure the following parame-
ters:

Noise

Levels of NO and NO,

According to end user experience (Valladolid’s Environment Department), in the city of Val-
ladolid the installed air quality sensors obtain only significant levels for the pollutants NO and
NO,. Levels measured for all the other pollutants are below the minimal threshold of detec-
tion of the instruments and cannot be taken into account. For this reason, in the proposed

scenario, only NO and NO, will be measured.

An acoustic sensor will measure the environmental noise level. In the case of this sensor, the
measurements are only taken when the bus is stopped, because this kind of sensor distorts

the measurements at speeds greater than 5 km/h.

In addition, the fleet management system will provide the position, speed and time for each
measurement. This information will be used to perform space-time corrections to associate
each measurement with the real position of the bus and also to discard the noise sensor

measurements taken when the bus is in motion.

The on-board system will send to the AUVASA Control Centre the measurements of the sen-
sors and the positioning information using wireless technologies (GPRS in our demonstra-
tion) and afterwards this data will be sent to the City’s Environment Department Control Cen-

tre using the internal network of the City Council.

In the Control Centre:

- Alarms will be activated in the case of human danger to start the crisis situation plan.

- Due to delays in the measurements systems (about 30-60 seconds), space-time correc-
tions must be performed to associate each measurement with its real position.

- Measurements of NO, NO, and environmental noise from the fixed stations will be used

to validate the measurements of the fleet sensors.

Page 74 of 140

This document is the property of the FP6-OSIRIS Consortium and may not be copied or communicated without written consent.



OSIRIS-WP2400-DEL-0017

Scenario Definition

PUBLIC

The Processing Software will process the received data from the sensors together with
the positioning information received from the positioning system (position, time and veloc-
ity) and the values from the nine fixed air quality stations. All this information will be com-
bined with gas dispersion models to create pollutant maps around the city.

A graphical interface must show the different parameters of the on-board equipment and
the data generated by the sensors and allow the remote control of the instruments.

The information from the fleet sensors and all the added value information extracted from
the processing of data from the different sources (fixed sensors, positioning system, gas
dispersion models etc) shall be integrated in the OSIRIS system and shall be available to
the end user via SWE web services.

OGC standards will be used to make sensor information accessible to the end user via
Web (O&M, SensorML, TML etc) and web Mapping solutions will be used, following the

specifications of the OpenGIS Consortium, to deliver sensor data to the end users.

This nominal operation demonstration will verify the proper results on the following points:

Data visualisation.
Data correlation.
System configuration.
Coverage capabilities.

Space-time correction.

Remark: The GPRS network quality of the different mobile telephony operators in Valladolid

has to be verified in order to assure the connectivity of the system.

Figure 7-4 illustrates a schema of this scenario.
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Figure 7-4: Sensors on the fleet

Partners involved in this phase are:
Valladolid’'s Environment Department
AUVASA
GMV
The sensors used are:
o Fleet sensors: NO, NO, and noise.
0 Fixed stations measuring: CO, CO, NO, NO,, Oz, SO,, PM;, and PM,s, ben-
zene, toluene, xylene and noise and meteorological parameters: atmospheric

pressure, temperature, dew point, humidity, wind direction and sun radiation.

Figure 7-5 shows the sequence diagram for the monitoring phase.
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Figure 7-5: Sequence diagram of the Monitoring Phase

7.3.1.2RI1SK MANAGEMENT AND BACK-UP SOLUTION
Valladolid’'s Council must authorise the use of data from their fixed AQM stations (meteoro-

logical information and pollutants levels). If this authorisation and its data are not available to
perform the scenario, a back-up solution will be used. Meteorological information needed as
input for the modelling will be taken from other sources like the airport or the “Instituto Na-
cional de Meteorologia” and city pollution maps will be generated only with data from the on-

board sensors.

7.3.2 CRISIS PHASE
This phase corresponds to the air hazard sub-scenario mentioned above. This phase will
start with the crisis verification phase and then, when the crisis situation is confirmed, the de-

cision making and crisis response phase will start.

7.3.2.1ALERT AND VERIFICATION
This scenario includes a railway accident which occurs on the outskirts of the city and toxic

substances are propagating in the atmosphere. The local authorities must enter the affected
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area to make a first evaluation of the situation. At this stage, the use of a p-UAV could be de-
cided for safety reasons, and also because it is usually difficult to reach the accident point. If

necessary, the local authorities will raise the alarm to start the crisis situation plan.

7.3.2.2DECISION MAKING AND CRISIS RESPONSE
A p-UAV will be deployed to provide localized air quality monitoring (capture air samples or

chemical sensors), and give meteorological information of the affected area. It will also pro-
vide updated video of the area, helping to evaluate the situation. Civil protection members of

Valladolid will also take air samples using mobile sensors.

The light-weight p-UAV will fly over the area of the simulated accident for a first overview of

the situation, keeping intervention teams at a safe place during this recognisance phase:

- The p-UAV will communicate with the control centre through its ground station and the
OSIRIS system. It will receive commands from the control station and transmit its avion-
ics and payload data.

- The p-UAV will be equipped with a daylight video camera and some equipment for air
quality and meteorological monitoring (chemical sensors or air samples, to be defined
during the study).

- It will capture air samples and give meteorological information.

- The data will be available through the OSIRIS system.

The air samples taken by the p-UAV and the Civil Protection members and the meteorologi-
cal information will be used as input to particle dispersion models These models will be used
to track the spatial and temporal evolution of the contaminant and to allow the authorities to
evaluate the situation; identify the more affected and the cleaner areas to plan any evacua-
tion of the population, identify any panic situation and define the most appropriate interven-

tion plan on the accident.

The simulation of a pollutant substance will be performed with the controlled emission of a
non-toxic substance like SF6. SF6 tracer gas is a Sulfur hexafluoride used as a gaseous in-
sulator in power breakers. It is used as a trace gas and an oxygen asyphxiant in aluminium
foundry application in reduction of porosity, replacing corrosive and toxic chlorine processes.

It is a unique specialty gas product for which no other suitable gas has been found as a re-
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placement. In atmospheric dispersion sciences it has often been used in real tracer experi-

ments:

- FeCycle: Attempting an iron biogeochemical budget from a mesoscale SF6 tracer ex-
periment in unperturbed low iron waters

- Roof-level SF6 tracer experiments in the city of Basel
(http://lwww.meteoschweiz.ch/web/de/forschung/publikationen/alle_publikationen/roof-
level_sf6_tracer.html).

- bubble tracer experiments

(http://pages.unibas.ch/geo/mcr/Projects/BUBBLE/textpages/md_tracer.en.htm).

The Web Mapping solutions of the OpenGIS Consortium will be used to display the results of
the simulation of the dispersion of the toxic substance. This information will allow the user

(environment department) to define the most appropriate intervention plan on the accident.

The Air Hazard scenario shall cope, as much as possible, with the different stages of a crisis
management protocol that is defined hereafter:
- Early Warning of the increment on the pollutant air concentration identifying anomalous
concentration of contaminants in the urban area and activating system alarms.
- Use of dispersion models to:
o0 Identifying the cleaner areas.
o Identify more affected areas for the deployment of new sensors or reorient ex-
isting ones in order to get a better understanding of the crisis.
o Track the evolution of the air contaminants.
o Evaluate and plan any evacuation.
0 Identify possible panic situation.
- Derive traffic problems
It must be considered that some of these steps such as “Evaluate and plan any evacuation”
or “Derive traffic problems” etc., could not be applicable in this scenario demonstration be-

cause we might not receive the authorisation of the Civil Protection members.

The different platforms will cooperate to increase the control over the crisis situation helping
crisis management (evacuation plans, traffic reorientation,...). Feedback received from one
of the platforms could be used to adapt the plans for the other like sensors reorientation or

deployment of new sensors.
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Figure 7-6: Valladolid’s demonstration scenario for crisis management

People involved in this phase are:
Valladolid’'s Environment Department
Firemen and Civil protection (if there is an agreement)
GMV
VITO
Thales
The resources used are:
p-UAYV to take air samples (Thales).
Air samplers (Civil protection)

Modelling processing (VITO)

Figure 7-7 shows the sequence diagram of the crisis phase.
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Figure 7-7: Sequence diagram of the Crisis Phase

7.3.2.3RISKS AND BACK-UP SOLUTIONS
The p-UAV, as any aircraft, has some limitation of use. In this scenario, the main limitations

applies to the p- UAV demonstrator that will be used during the Air Quality Scenario:
1. The flight area should be compatible with the p- UAV flight capabilities.
a. Takeoff and landing areas.
b. Safety conditions (people, buildings, industry,...).
c. Legal authorizations.
2. Conditions where flight should be avoided, or aborted:
a. Wind speed above 8m/s.
b. Rain (light rain is acceptable but the payload will most likely be ineffective)
3. Conditions where flight will automatically be aborted :
a. Full battery failure
In this case, the p- UAV will fall near it's last transmission point.
b. Battery too low for engine
In this case, the p- UAV will try to glide to a predefined backup landing point

(away from people / dangerous places).
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c. Battery low
This is a normal end of flight condition. The u- UAV should nominally fly to its
landing point (different backup plans can be programmed).

4. Other special cases :

a. Flight out of authorized area
If the p- UAV goes out a predefined flight area, the autopilot will switch to a
special mode, going back home until it gets new instructions from the ground
station.

b. Communication lost
A short communication loss has no consequences; different backup plans can
be defined for a long communication loss: climb and circle, go back home, etc.
The backup plan for the Air Quality Scenario still has to be defined.

c. GPS lost
The p- UAV cannot do its mission without GPS. If the GPS is lost, it will climb
doing large circles for about 1 minute. Then, it will switch off the engine, trying
a hard landing doing the same circles. However, if communications are not

lost, the ground operator can operate the p-UAV in stabilised mode to land it

properly.

If one of these situations occurs, the role of the pu-UAV in this scenario should be simulated.
The samples that it should take and the meteorological information that it should provide will

be substituted by simulated data.

The participation of the Civil Protection Members in the scenario is not confirmed yet. If they

are not present, the model will use as input simulated data.

Another risk that can prevent carrying out this scenario as it has been planned is if authorisa-
tion is not obtained from Valladolid’s Council to use the SF6 tracer gas to simulate the acci-
dent. If the authorisation to use this gas is obtained, sensors on the p-UAV and the mobile
sensors carried by civil protection members must be able to measure it. If SF6 (or other simi-
lar substance) cannot be emitted or the developed sensors cannot measure it, a back-up so-
lution to simulate this phase will be used, using only simulated data as input for the disper-

sion model.
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7.3.3 PosT CRISIS PHASE

After the crisis phase, things will return back to normal. The city environment department will
take the decision of returning to the monitoring phase.

People involved in this phase are:

Valladolid's Environment Department.

7.4 SPECIFICATION OF SENSORS, INFRASTRUCTURE, AND USER LEVEL

7.4.1 APPLIED SENSORS

The sensors that will be used in this scenario are the following ones:

For the Monitoring phase:
- NO/NO2 sensor

- Acoustic sensor

The air quality analysers available in the market can integrate both an NO/NO2 sensor and
an acoustic sensor.

Those sensors will be assembled on a bus. This implementation is aimed to increase the
coverage of the sensors’ network and to minimise the number of fixed stations and therefore

minimise the costs of the network maintenance.

For the Crisis phase:

- Low altitude p-UAV, taking air samples and giving back video, chemical, and meteoro-
logical information.

- Civil protection people with mobile sensors to take air samples.

- The PC-Puff model which will take the role of a virtual sensor, providing real-time infor-

mation about the location of the toxic plume.

The data from the nine fixed air quality monitoring stations (in particular the meteorological
data) existing in the city will be available as input to the dispersion models applied in both

scenarios.
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7.4.1.1 NO/NO2 ANALYSER
As mentioned above, according to end user experience (Valladolid’'s Environment Depart-

ment), in the city of Valladolid the existing Air Quality Monitoring stations obtain only signifi-
cant levels for the pollutants NO and NO,, so a NO/NO2 analyser will be used to measure

these pollutants in the Air Monitoring demonstration.

The European Commission Reference method for the measurement of NO/NO, is the
Chemiluminescence method but alternative methods using solid-state technologies offer
some advantages such as dimensions and cost. So both alternatives will be examined for the

choice of the most appropriate analyser for this scenario.

The analyser must be connected to an air sampling system and in the case of this scenario
where the analyser will be assembled in a bus the air sampling system must be adapted to

prevent air circulation.

The analyser shall be installed in such a way that it is sheltered and shielded from dust, rain
and snow, direct sun radiation, strong temperature fluctuations etc. An enclosure with tem-

perature control or air conditioning shall fulfil these requirements.

Test and calibration procedures shall be followed which are essential for obtaining accurate
and traceable air quality data. The calibration of the analysers shall be performed at least
every three months (every two weeks will give a better indication of drift and analyser per-
formance). Procedures for maintenance, checks and calibration are given in the European

Standards for the measurement of the different pollutants.

The assembly of the on-board system must be performed carefully to fulfil all the quality re-

quirements of the system.

7.4.1.2 ACOUSTIC SENSOR

An acoustic sensor will measure environmental noise in Monitoring Scenario. The interest of
measuring environmental noise levels in this demonstration is that environmental noise,
caused by traffic, industrial and recreational activities is one of the main local environmental

problems in Europe and the source of an increasing number of complaints from the people.
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Close to 80 million people in the European Union suffers from noise levels that scientists and
health experts consider to be unacceptable (more than 65 dBa) where most people become
annoyed, where sleep is disturbed and where adverse health effects are to be feared. An-
other 170 million suffer from noise levels between 55-65 dBa. In Spain the “Acoustic Comfort

Level” (highest noise level from which people’s rest is perturbed) is fixed to 55 dBa.

The instrument used to measure environmental noise is the sonometer. This instrument
measures sound pressure levels and its unit is the decibel. The dynamic range of this kind of
instruments can be selected depending on its application area. In the case of measuring en-
vironmental noise, the typical range is 50-110 dB: from the “Comfort Level” to the “Pain
Threshold”.

The noise sensor for this scenario is not chosen yet. It will be chosen in future Work Pack-

ages where the detail architecture of the system will be defined.

7.4.1.3 MICRO-UAV

The low altitude p-UAV sensor has the following main points:
Main point of interest is keeping intervening people away from the dangerous area,
until an adequate action plan is decided. On the other hand, it provides video and
chemical data from the accident, which may be inaccessible via terrestrial ways be-
cause of the traffic-jams it causes (typical observed case).
Ease of use, quickly deployed as a verification and monitoring tool during the crisis
phase — no insertion into the air traffic, so no extra-delay is introduced.
Localised atmospheric data acquisition, based on commands from the control centre
so it will be possible to analyse air pollution at different places.
Safe UAV : lightweight, smooth material, reasonable speed, rear-engine (it would be

impossible to have this kind of safety with a heavier aircraft).

7.4.1.AMOBILE AIR SAMPLERS

Mobile air samplers will be used in the Air Hazard scenario. Protection Civil members will use
these devices to take air samples of the affected area. These samples will then be analysed

and used as input for the dispersion models.

Page 85 of 140

This document is the property of the FP6-OSIRIS Consortium and may not be copied or communicated without written consent.



OSIRIS-WP2400-DEL-0017

Scenario Definition

PUBLIC

7.4.1.5PC-PUFF MODEL

PC-Puff is a real-time on-line Gaussian puff model that is intended to give in real-time as
much information as possible on the present and past positions of the instantaneous plume

during an accident. A detailed description is provided in D3200 (section 5.2.6).

7.4.2 INFRASTRUCTURE

The OSIRIS core system
The computers of OSIRIS core system could be hosted in the Control Centre of the Envi-
ronmental Department of Valladolid’s Council. A proxy will be provided to allow access to the

OSIRIS core system.

7.4.2.1MONITORING SCENARIO

For the monitoring scenario , one of the buses of the urban network will be used to perform
the simulation. Communication between the on-board sensors and the control centre will be
established via GPRS, so a GPRS modem is needed in both ends of the communication: In

the bus and in the Control Centre.

Components in the bus side :

- Sensors : NO/NO2 and noise.

- GPRS Modem

- PC (if needed as interface between the sensors and the GPRS modem)

- Power supply module: The system must work without interruption 24 hours per day to

maintain the stability of the system between periodical calibrations.

The needed sensors (NO/NO2 and noise) can be found in two different ways within the mar-
ket:
1. They can be enclosed all together into a uniqgue module (which means, into the same
equipment). It also contains and integrated GPRS modem .
2. They can be independent modules with or without an integrated GPRS modem. If no
GPRS modem is available an external one has to be adapted (in order to send the

data acquired by the different sensors to the control centre).
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Depending on the chosen sensors, a PC might be used as interface between the sensors
and the GPRS modem (PC would read the sensor data and would send by GPRS to the con-

trol centre).

Components in the Control Centre side :
- A computer to carry out the following tasks:
Receive/request data from sensors.
Perform basic quality control tests to data.
Perform a quick pre-analysis of the data to trigger warnings or alarms.
Data reduction.
Data registration.
Apply dispersion models to create pollution maps of the city and track the evolution
of pollutants in the case of a crisis situation.
Sensor Web Server to offer the user the SWE services: SOS, SAS, SPS...
- A database: Containing the information from the fleet sensors and the information from
the fixed stations.
- A GIS server to offer the WMS, WCS and WFS services to the user.

Figure 7-8 illustrates all these components.

Figure 7-8: Monitoring scenario infrastructure
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The SWE services deployed for this scenario will be:
SOS: This service will allow the user to have access to the sensors measurements.
These measurements won'’t be real-time: For the mobile sensors, a time-correction must
be performed due to the delay of the analysers and the movement of the bus. The output
from the models applied in the monitoring phase and in the crisis phase will be accessible
via this service too.
SAS: This service will allow the user to subscribe to alerts from sensor observations.
SPS: This service will allow the user to task the sensors for desired observations and pa-
rameterise the input parameters applied to the models in the case of a crisis situation.
WNS: This service will be used for delivering natifications to subscribers (human and ma-
chines), e.g. when simulation runs are finished and if alerts are generated by the SAS.

Other services will be used to enhance the display:

WFS, WCS and WMS: These services will be used for the visualisation of the modelling

results using maps and features like streets, roads, ... .

7.4.2.2AIR HAZARD SCENARIO

For the Air Hazard scenario the sensors deployed will be:
- Ap-UAV

- Mobile Air Samplers

- PC-Puff model

Low Altitude UAV
The low altitude UAV used during the Valladolid scenario is a u-UAV of the 1.2 kg class,

electric powered. It can fly for 30 minutes, within 2 kilometres around its control station,
transmitting video and data from its payload. Although this may look like a short autonomy, it
is possible to launch the UAV again a very short time after landing (a few minutes), or use

multiple p-UAVSs to have a continuous survey of the situation.

Among other components, the p-UAV control station includes specific communication
equipment and a laptop computer. It has to be correctly installed on the operating field to en-
sure good communication with the p-UAV (video will suffer first). Usually, this will be near the

launch and recovery point, which can be a football field or any other place of this size.
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The low altitude UAV will be interfaced to the OSIRIS network through its specific control sta-
tion. The connection between the OSIRIS network and the control station will be either a
simple Ethernet cable or an Internet connection by the way of a GPRS modem. This will be
decided when refining the scenario. In a real use-case, the choice would probably be a

GPRS internet connection (unplanned deployment of the UAV).

The off the shelf p-UAV comprises a video camera and all necessary communication equip-
ment. The customisation in the OSIRIS context, for the Valladolid demonstration, will consist
of :

- Improving the urban capacities of the UAV (both communication and safety).

- Adding an air-pollution monitoring sensor to the p-UAV (switching to a bigger air-
craft). This sensor will probably be either a chemical sensor, or a sample collecting
device.

- Interfacing the pu-UAV control station to the OSIRIS network. This is mostly a soft-
ware task and will minimise modifications to the existing u-UAV code, requiring only

an additional bridge application on the p-UAV software bus.

At the control centre, data from the p-UAV will be integrated to the OSIRIS database. All the
data has associated date and GPS position. Video will not be transmitted ‘as is’ to the control
centre, but most probably only particular ‘frames of interest’ will be transmitted to the OSIRIS

network.

Remark: As mentioned above, for the low altitude UAV, if it is not possible to use a real dis-
persion of a gas like SF6, or if on-air measurement is not possible for SF6, a simulated data
acquisition will be used. In that case, the p-UAV will perform its nominal mission, but the ac-
quisition data will be swapped by the ground station based on the p-UAV GPS position, using
pre-defined data. This simulated data scenario is acceptable, since real data would be avail-

able for a real use-case scenario detecting real gases.

Components in the Control Centre side :

- A computer to carry out the following tasks:
Sensors data registration.
Apply dispersion models to track the evolution of pollutants in the case of a crisis
situation.

Sensor Web Server to offer the user the SWE services: SOS, SAS, SPS...
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- A database: Containing the information from the fleet sensors and the information from
the fixed stations.
- A GIS server to offer the WMS, WCS and WES services to the user.

The SWE services deployed will be:
SOS: This service will allow the user to access to the results of the applied dispersion
models.
SAS: This service will allow the user to subscribe to alerts from the modelling results.
SPS: This service will be used to parameterise the input parameters applied to the mod-
els.
WNS: This service will be used for delivering notifications to subscribers (human and ma-
chines), e.g. when simulation runs are finished and if alerts are generated by the SAS.

Other services will be used to enhance the display:

WFS, WCS and WMS: These services will be used for the visualisation of the modelling

results using maps and features like streets, roads ...

7.4.3 USER INTERFACE

The OSIRIS system will make the sensors information available to the end user by means of
the SWE web services: SOS, SPS, and SAS as well as the OGC web services: WMS, WFS,
and WCS. Using the OGC Web Service Access Framework (OX-Framework), the user will
be able to manage all the SWE services and access to the data from the different servers.

In the Valladolid’s scenario the user will interact with the different SWE services: The SOS
service will allow the user to access the sensors measurements; the SAS service will allow
the user to subscribe to alerts from sensor observations; the SPS service will be used to task
the sensors for desired observations and parameterise the input parameters applied to the
models in the case of a crisis situation; the WNS service will be used for delivering notifica-
tions to subscribers and the WFS, WCS and WMS services will be used for the visualisation

of the modelling results using maps and features like streets, roads etc.

The interface with the OSIRIS system is shown in Figure 7-9.
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Figure 7-9: Schema of the user interface in the Valladolid scenario

7.4.3.1MONITORING SCENARIO

On-board sensors interface

A graphical interface will show the different parameters of the on-board equipment and the
data generated by the sensors and allow the remote control of the instruments. This software

will be developed in future Work Packages.

7.4.3.2AIR HAZARD SCENARIO

Low altitude UAV user interface

The low altitude UAV will be controlled from two different places, requiring one full-time field

operator and one partial-time mission operator.

- The field operator will launch the p-UAV and control the avionics and flight via the p-
UAV control station using the standard control station software. The operator is pro-
vided with real time avionic data from the p-UAV to ensure flight safety. The operator

also has an additional software module on the interface, to import mission operator
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instructions from the OSIRIS network to the flight plan (this module will insert neces-
sary flight parameters and checks flight conditions). The field operator will not ac-
cess other OSIRIS data.

- The mission operator will specify the data to collect from the p-UAV and analyse the
collected data. The operator will interact with OSIRIS through the control centre. In-
structions from the mission operator are high level, specifying ground points to take
video, and air points to sample or analyse. The operator can modify its data ‘wish-list’

during the p-UAV flight depending on the observations provided.
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8. GROUND-WATER QUALITY SCENARIO

8.1 SCOPE OF THE SCENARIO

8.1.1 GENERAL DESCRIPTION
Regione Toscana has focused the problem of managing water resources in Tuscany as one

of the most urgent and at the same time challenging one.

In the province of Grosseto, located in the Southern part of Tuscany, the level of attention on
this subject is particularly high as, for a few decades, a dramatic decline in quantity and qual-
ity of fresh water reserve has been experienced, because of increasing water consumption

and decreasing resources recharge.

Several phenomena influence the fresh water quality degradation and in particular, during
summer when the water demand is high and the aquifer is at the lowest recharge (high con-
centration of elements in water) These include, salt water intrusion in some wells used for ir-
rigation in the coastal plain and ground-water heavy metal contamination in the mining region

of the province.

In addition to these “natural” processes, the risk of accidental potable water contamination is
not just theoretical in a region where urbanisation, agriculture, tourism fluxes and industrial
activities have to coexist in balance with an area of high environmental value. Contamination
due to disused mining activities has already been experienced and of major concern, is the
recently discovered cases of ground-water contamination, due to leakage in a fuel station
tank (in Grosseto town) and spill of diesel from a truck-tank over the major potable source of
the region (Santa Fiora spring). Consequent damage was high and the environmental ac-

tions necessary to manage the problems are complex and very expensive.

The latter events have revealed the inadequate level of ground-water monitoring and protec-
tion with respect to accidental (even possibly illegal) contamination, but also with respect to
the “natural” (i.e. seasonal) variation of water quality. Local authorities concern, therefore, is

now very high for natural and accidental contamination.
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Moreover, heavy metals detection in public water supplies has recently received regional at-
tention following the National law to lower allowable Arsenic (As) limits in drinking water from

50 parts per billion (ppb) to 10 ppb.

Crises can consequently arise from:
Shortage of water (e.g. dried wells).
Pollution of fresh water, such as:

o Distributed phenomena driven by the geological conformation and structure of

the aquifer together with natural periodic fluctuation of the water table: during
drought periods the concentration of industrial and agricultural releases and
infiltration of salted water increase; during periods of high precipitations some
hazardous metals (e.g. Arsenic) could be oxidized with higher possibility of
water pollution;

0 Local emergencies generated accidentally or even illegally (e.g. chemicals

spills and infiltration of pollutants from transportation accidents, hydrocarbon
spills from underground tanks and contamination of resources with poisoning

components).

In Tuscany, public authorities are consequently looking for integrated systems capable of
monitor water resources and possibly to forecast critical periods. This means that we should
start from monitoring groundwater quality and quantity in order to prevent pressure reduction
and water contamination (with the following social and economic impacts) and to make rele-
vant steps towards the knowledge of territory water dynamics, links and feedbacks to

weather phenomena and human activities.

The scenarios to prove OSIRIS framework will cover two aspects:

1. A real monitoring system to control arsenic pollution and to forecast events of critically
increasing water flow rate (presence of As could be related to the water recharge to-
gether with redox potential variation of trachytic rocks and also to the oxidation of As
sulphurs — see Annex).

2. A simulated chemical emergency management case for a sudden polluting event in

the potable water source due to a transportation accident with hydrocarbon spill.
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The scenario related to the first aspect will deal with a particularly wet period forecasted by

models while monitoring an increasing quantity of arsenic in the ground-water.

The second scenario will simulate a sudden emergency due to a truck accident in a vulner-
able area with the possibility of hydrocarbons contamination of fresh water springs, demon-

strating an advanced monitoring strategy using the OSIRIS framework.

For both scenarios, the demonstration architecture and contents should be conceived in or-
der to:
Validate the results of OSIRIS in a quasi-real operational situation.
Validate the continuity in the access and the data processing to/from the crisis area,
the management staff, the operational staff and the non in-situ data provider.
Validate the added value of the sensors/analysers which will be used and the in-situ
data acquisition.
Validate the fast deployment of portable sensors/analysers and their integration in the
legacy sensor network(s).
Test the modelling chain for the ground-water behaviour knowledge and prediction.
Use a platform centralised for the access and diffusion of the data.
Gather feedback from users.

Promote OSIRIS results among regional authorities and local operational users.

In particular, in case of alert and alarm the OSIRIS framework should employ:
High level of automation in sensors/analysers deployment.
Automation in operation and communication.

Fast heterogeneous-data integration.

Remote data processing and management.

This means dealing with mobile/portable systems more flexible and exportable to different
contexts, than a fixed sensor installation. Such mobile/portable networks should be rapidly
deployed and integrated in the legacy sensor one for a continuous now-casting /forecasting

processing loop.

Thus, the two scenarios will demonstrate the functionalities of the OSIRIS project in both

monitoring and crisis activities.
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A GIS tool will be developed for connecting in-situ and ancillary data with the forecast part (in
order to activate all the effective data assimilation mechanisms) and to process all the avail-
able information (in order to identify foreseen critical sites or current emergencies). The GIS

application is to be located in Santa Fiora in the Fiora Aqueduct Control Room.

8.1.2 AIMS OF THE DEMONSTRATION

From what is assessed above, diminishing of water availability and underground water con-
tamination (from different causes) are the two main concerns to be addressed by the water

management system.

The OSIRIS live demonstration should aim at proving the capability of the developed applica-
tion. It has to be designed in order to be:
A validation test for the technologies and the scientific content of the application.
A demonstration of the capability of developed solutions towards end-users.
3. An opportunity to measure on what extent the application fit users’ expectations and
know-how (in other words to evaluate how the application can support demanding

decisions and how user-friendly it is).

The live demonstration must be done for representative conditions of an event of major con-
cern (because of recurrence or gravity) and shall be as complete as necessary to fix applica-

tion precision and refinement procedures.

From the above, we can identify the following working steps:

1. Validating technologies and scientific content of the application:
Prove functionality of the sensor network.
Demonstrate sensor integration also with ancillary source of information.
Test value added by the application in monitoring and forecasting crises.

(e.g. assimilation of sensors’ data into forecasting models).

2. Demonstrating the capability of the application towards end-users:
Identify demonstration conditions of crucial interest for end-users.
Assure users direct participation in the demonstration.
Plan the demonstration.

Perform the demonstration.
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3. Measuring how much the application characteristics match users’ expectations:
Evaluate application reliability.
Compare reliability with expressed user requirements.
Compare the information provided by the application with expressed re-
quirements.
Evaluate how users judge the application.
Evaluate how close the application is to existing decision making proc-

€SSses.

8.1.3 PARTNERS AND SENSORS INVOLVED
OSIRIS partners involved in the water quality scenario are mainly FCS-LaMMA who shall
propose the overall design of the scenario and Regione Toscana, as the end-user for the ap-

plication, who shall give the governmental support for the local end-user contact.

For the water quality scenarios the sensors/analysers foreseen are:
One flux sensor (continuously sampling) located in the capture gallery (measuring
about the 80-85% of the aquifer water) (provided by Acquedotto del Fiora).
Two piezometric sensors (provided by Acquedotto del Fiora).
One “arsenic module” (a portable analyser for direct measure of As or a portable
sensor for some specific parameters (pH, redox potential) in order to detect the
alerting signal during the monitoring phase (provided by Acquedotto del Fiora).
One portable sensor for hydrocarbon detection (on the OSIRIS budget).
One transportable meteorological-station (provided by FCS-LaMMA).

For “arsenic module” we mean a device for As measurements in an autonomous way. Most
Arsenic sensors are in fact still in development progress and presently we are evaluating
two possible alternative solutions for As measurements (using established devices):
1. An arsenic analyser with a high degree of automation for direct measurements of As
concentration even in different points at the same time.
2. A small system of sensors for measuring specific parameters (e.g. pH, redox poten-

tial) as As proxy parameters.
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Solution 1 should be more effective but is expensive: Aquedotto del Fiora is evaluating the
possibility to pay for it (outside OSIRIS budget). If this is not possible we will adopt solution 2
(affordable within OSIRIS).

Depending on the capability of Aquedotto del Fiora to buy some sensors exploitable in the
OSIRIS context, we could eventually enrich the demonstration with the use of portable arse-
nic analyser (for As concentration along the water pipe network) and/or more sensors for

piezometric and/or hydrocarbon measurements.

8.1.4 END USER INVOLVED

Regione Toscana is the institutional end-user interested in the OSIRIS system.
From the technical point of view the final end users involved in this scenario are: ARPAT
(Agenzia Regionale Protezione Ambientale — Environmental Protection Regional Agency of

Regione Toscana) and Acquedotto del Fiora (local potable water provider).

ARPAT manages the groundwater monitoring network of Grosseto Province on the base of

the Monitoring Plan of the Regione Toscana (according with the national law 152/99).

Together with ARPAT, AATO 6 Ombrone (Autorita di Ambito Ottimale 6 Ombrone - Optimal
Area Authority for the Ombrone River) is the other managing and controlling authority of the
hydrological resource for the region. ATOG6 is the largest Area of Tuscany. It covers 7,144
km? and has a resident population of about 379 000 which in summer reaches peaks esti-
mated in excess of 600 000. The Area covers the whole province of Grosseto and almost the
whole province of Siena for a total of 56 municipalities. The main municipalities are the pro-
vincial capitals, Grosseto and Siena. The planned yearly water supply of ATOG6 is 60 million

cubic metres to nearly 200 000 consumers.
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Figure 8-1: ATO6 Ombrone water network extension (almost half of it comes from Monte

Amiata springs)

Since the '50s, Acquedotto del Fiora, a joint stock company owned 60% by a public partner
(all the municipalities of the Area) and 40% by private partners, has been the provider of wa-
ter capture, adduction and distribution mostly to the province of Grosseto and northern Lazio.
Starting from 2002 Acquedotto del Fiora become the sole franchisee of AATO 6 Ombrone

and was entrusted with the Integrated Hydrological System Management.

The main end-user of the system will be the Acquedotto del Fiora with the purpose to verify,
control and monitor current information obtained from the sensors/analysers network in order

to obtain a fast reaction on each eventual alarm detected.

For a proper functionality of the monitoring of the in-situ sensors/analysers network, the fol-
lowing staff are foreseen:

Managing group — FCS-LaMMA, ARPAT, Acquedotto del Fiora

Controlling group made by hydro-geological and chemical specialists - ARPAT and

Acquedotto del Fiora, together with sensors seller staff (i.e. company develop-
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ing/reselling water chemical analysers for laboratories and outdoor applications as
well as for on-line monitoring)

Technical group — group for mounting, installing, checking proper function of the in-
situ sensors/analysers (reseller company)

Networks/informatics group  — group for installing software, hardware, computer
network, checking proper function of the communication between in-situ sensors and
end-user and eliminating communication, software, hardware damages (reseller
company, FCS-LaMMA)

Technical maintenance group - problem diagnosis during normal system exploita-
tion (Acquedotto del Fiora)

Modelling group — simulate, verification, prediction dynamics groundwater flow and

migration of pollutions in each diagnostics area (FCS-LaMMA)

8.1.5 DEMONSTRATION ILLUSTRATION

Figure 8-2 illustrates the different actors (people and resources) which will be present in the
scenario in order to provide context to the following paragraphs. The infrastructure which will

be deployed is given in § 8.4.2.
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Figure 8-2: Ground-Water quality scenario illustration

8.2 DESCRIPTION OF THE APPLICATION AREA

8.2.1 SITE, LOCATION
The major aquifer of the province is located in the Amiata Mountain fractured volcanic rocks.
This characteristic gives high permeability and allows a water-table that feeds numerous ag-

ueducts in the provinces of Grosseto, Siena and also in the Northern part of Regione Lazio.
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Figure 8-3: Water bearings present in the Southern Tuscany (SIRA)

The Amiata lava dome complex is located about 20 km NW of Lake Bolsena in the southern

Tuscany region of Italy.

Southern Tuscany

Google Earth image of Monte Amiata

Figure 8-4: Area of study

The selected scenarios shall simulate an advanced monitoring and alert/alarm strategy using

the OSIRIS framework.
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Figure 8-5: Santa Fiora town. The red pins indicate the location of the two historical events of

hydrocarbon spill: 1 truck-tanker accident; 2 gasoline tanker spill.
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Figure 8-6: Santa Fiora town in prospective. The yellow hatched line indicates the path of the

Galleria Nuova capture gallery.

8.2.2 SCHEDULE
The foreseen date for the demonstration of the arsenic scenario is a one week monitoring

period in November 2008. In the same time frame the hydrocarbon spill scenario will also be

performed.

8.2.3 AUTHORISATIONS REQUIRED

No particular authorisation is required, only formal agreements with local authorities.

8.3 DESCRIPTION OF DIFFERENT PHASES

The two scenarios will demonstrate the functionalities of the OSIRIS project in both monitor-

ing and crisis activities.
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A GIS tool will be developed for connecting in-situ and ancillary data with the forecast part (in
order to activate all the effective data assimilation mechanisms) and to process all the avail-
able information (in order to identify foreseen critical sites or current emergencies). The GIS

application is to be located in Santa Fiora in the Fiora Aqueduct Control Room.

ARSENIC
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- Piezometiic semsors periodic sampling) present dstribution (‘now-casing”) in the aquifer and in the
- Meteo data from doservations and modds aqueduct piping

- Water quanity forecasts by means of - Deployment of portable As sensors in the water
hydrological model simulations (periodic runs) resenvoirs fallowing HHH indications
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Figure 8-7: Overview of the different phases in the two water quality scenarios

8.3.1 SCENARIO 1: ARSENIC POLLUTION

Arsenic presence in a selected spring will be monitored in order to evaluate the crisis level.
This activity will be performed using an automatic instrument suitable for the determination of
heavy metals in a wide concentration range. Measurements of water pressure and other pa-
rameters (pH, redox potential, etc...) for a number of selected bore-holes plus precipitation
will be collected and compared until a meaningful data set for modelling links and dynamics

has been obtained in order to demonstrate the capability of the system.

8.3.1.1MONITORING PHASE

The groundwater monitoring network will be provided by Fiora Aqueduct and by the Envi-
ronmental Protection Regional Agency (ARPAT). It is based on an upgraded Legacy Sen-

sor Network consisting of a number of bore-holes for piezometric measurements.
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The following modular components must be implemented (starting from what exists) and
connected into a GIS environment:

1. An operational network of in-situ sensor for:

Precipitation and other surface atmospheric parameters (meteo-station)
Ground-water level (piezometers)

Water quality (for a number of selected components), from As sen-
sors/analysers positioned in selected representative springs or wells.

2. An operational modelling component consisting of a meteorological model (MM) for
short and medium term forecasts of precipitation, plus a hydrological model for run-off
and recharge of water stocks computation, a hydro-geological model for the ground
water flux simulation, and a hydraulic model for the water piping network (HHHM).

3. A set of ancillary data such as:

Homogeneous precipitation fields from remote sensing observation.
Systematically adjourned maps of geology, pedology, river network, wells and
springs, mining location, geothermal plants location, land-use, etc. (also using
appropriate remote sensing observations).

High resolution DTM.

8.3.1.2 ALERT AND VERIFICATION PHASE
Sensor detection: arsenic over threshold => Alert

In case of Arsenic detection, an alert (e.g. phone call, sms, e-mail) is sent through the

OSIRIS framework to the Control Room

Hydrological, Hydrogeological and Hydraulic (HHH) models run: first run for As present
distribution (“now-casting”) in the aquifer and in the aqueduct piping => map of points to
be monitored (GIS)
A set of portable As sensors can be deployed in the water reservoirs pointed out by the
first run of the HHH models
0 Accessto:
past meteo observations (e.g. precipitation estimations, in-situ and satel-
lite)
meteo model analyses (e.g. precipitation fields)
“long term” (weeks) forecast (regional and/or global i.e. medium/low

resolution products — ten/tens km)
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8.3.1.3DECISION MAKING AND RESPONSE PHASE: ALARM
HHH models run for future scenarios (forecast) => map of pollution levels for aqui-

fer/reservoirs => new points to be monitored at a given time (GIS)
Portable piezometers and portable As (or As proxy) sensors can be deployed in the
more detailed network nodes
0 Accessto:
new data (new sensors or meteo model product available)
updated data (refreshed info with relevant changes with respect to
previous ones)

New detection will allow isolation of contaminated areas to avoid human poisoning.
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Figure 8-8: Sequence diagram for scenario 1

8.3.1.4P0sST CRISIS PHASE
New HHH models run (now-cast and forecast) => updated map of pollution levels for

aquifer/reservoirs => additional/different points to be monitored at a given time (GIS)

End of crisis and the return to monitoring phase.

8.3.2 SCENARIO 2: TANKER-TRACK ACCIDENT WITH HYDROCARBON SPILL

The area of contamination will be evaluated considering the monitored situation, the results

of the groundwater flux modelling, as well as the meteorological hind-casts and forecasts.
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Capabilities to deploy mobile in-situ sensors, fast access information, process and ingestion
within existing user decision chain will be verified in order to evaluate the ability of the
adopted architecture to respond to a sudden crises. Also, a methodological support on these

aspects could come from other project applications sharing similar fast response problems.

8.3.2.1MONITORING PHASE
The monitoring phase is based on the same framework described for the previous scenario.

The portable sensor to be used consists of a compact, robust and submersible UV/VIS
spectrometers available for field and outdoor analysis for high precision measurement of

UV-fluorescence. An alternative could be an on-line water analyser based on UV spectros-

copy.

8.3.2.2ALERT AND VERIFICATION PHASE
Accident: spilling position and pollutant type => Alert

This phase starts with the alarm received by the Civil Protection from the Police who
were called regarding the accident. The user is an officer at the Fiora Aqueduct Control
Room alerted by the Civil Protection. After receiving an external alert (e.g. by phone),
the user is asked to verify the nature of the emergency (pollutant spill). Based on the
source of the alert, a communication protocol is initiated that involves relaying the in-
formation gathered to various groups such as Civil Protection, Environmental Agency

(ARPAT), local fire brigades and police operation centres.

HHH models run: first run for present contamination (“now-casting”) in the aquifer
and aqueduct piping => map of points to be monitored (GIS)
At this point, the system will scan all information about the spill and the actual environ-
ment conditions, as provided by the monitoring network. An initial risk assessment is
performed (by means of a first run of the ground water simulation model) selecting all
wells and springs at risk for detailed analysis. A first guess on type and optimal position-
ing of mobile sensors is completed.
0 Accessto:
meteo observations (e.g. precipitation estimations, in-situ and satel-
lite)
meteo model analyses (e.g. precipitation fields)
“short term” (days) forecasts (regional high resolution products — few
km). Backup with global forecasts (i.e. low resolution products — tens
km)
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0 Actions of the operating group:
Recognition of hazard scale

Fast cleaning of free ail spills (as prevention operation)

8.3.2.3DECISION MAKING AND RESPONSE PHASE: ALARM
New HHH models run for present and future scenarios (forecast) => map of con-

taminated aquifer zones and reservoirs => new points to be monitored at a given
time (GIS).
A set of portable piezometers and hydrocarbon sensors is deployed in the area of
the accident in order to monitor the pollution, together with the deployment of one
meteo station over the spilling point (for precipitation, temperature, wind influencing
hydrocarbon weathering and infiltration). If more detailed information about the state
of the accident becomes available from the intervention forces in the field, this in-
formation is entered in the knowledge base, and the risk ranking of the event, as
well as the monitoring strategy, can be revised accordingly.
0 Accessto:
new data (new sensors or meteo model product available)
updated data (refreshed info with relevant changes with respect to

previous ones)

Once the input is complete, consistent, and plausible, the ground water simulation
model is restarted to assess the danger and the impact of the potential risk source for
the crisis area. Its results are displayed to the user in a graphical and spatially distrib-
uted mode.
0 Modelling stages for the evaluation of spilled oil quantity/rate (virtual sensor):
| stage: Mathematical multiphase migration (oil-water phases)
Il stage: Ground water flux modelling (dynamical modelling)
lll stage: Ground water oil dissolved modelling (migration modelling)
Decision: sensors re-deployment
Starting with the result of the modelling and a concentration threshold, the system will
compute the area of the plume that exceeds the threshold and the intersection with the
location of the fresh water wells/springs. Based on these results, the eventual re-
positioning of some portable sensor is evaluated in order to enhance the monitoring of

the contamination evolution in the area distant from the spill point.
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Figure 8-9: Sequence diagram for scenario 2
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8.3.2.4P0sT CRISIS PHASE
New HHH models run (now-cast and forecast) => updated map of pollution levels

for aquifer/reservoirs => additional/different points be monitored at a given time
(GIS)
A final report of the event will be prepared and distributed over appropriate communication

channels.

8.4 SPECIFICATION OF SENSORS, INFRASTRUCTURE, AND USER LEVEL

8.4.1 APPLIED SENSORS/ANALYSERS

The actual legacy sensor network is made by:
One flux measuring device (continuously sampling) located in the capture gallery
(measuring about the 80-85% of the aquifer water).
Eighteen bore-holes for piezometric measures (usable also for other sensors) some
of them close to electric power (alternatively solar cells can be used). Remote com-
munication has to be implemented.
Several accesses usable for sensor deployment in the capture gallery (with electric
power available and with the possibility to add cables for bringing the signal outside
the gallery).

About 500 monitoring points for potable water tests in the Hydrological network.

For the ground-water quality scenarios, the following sensors/analysers are planned to be
used integrated into the legacy network:

Portable sensor(s) for hydrocarbon detection.

Arsenic detection “module”.

Piezometric sensors.

Transportable meteo-stations.

Eventually portable arsenic analyser.

In the following, a simple description for each sensor/analyser is given. For a more detailed
technical specification see the State of the Art document D2300 and the Legacy Sensor

Network document D4400.
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8.4.1.1FLUX SENSOR
The Venturi flux measuring device is widely used to measure the flow-rate in single-phase

flow with a reduced amount of energy losses.

Venturi's flowmeter is a tube with a sloped constriction in the middle. The water passes into
the tube at a constant velocity; however, as it reaches the constriction, it's velocity increases.
When the water reaches the end of the tube the velocity drops again to its initial value. At-
tached to the tube there are three manometers (pressure measuring devices): one at the
tube's entrance, one at the point of constriction, and one at the exit. During the measure-
ment, the manometers show a drop in pressure at the constriction, caused by the increased
velocity at that point. The Venturi tube must be designed precisely so that the fluid passes

through without becoming turbulent, especially at the constriction point.

Figure 8-10: Venturi's flowmeter installed in the main gallery
8.4.1.2HYDROCARBON SENSORS

On the market there are several devices for hydrocarbon detection (listed below) that meet
the necessary requirements for the demonstration. With the guidance of the Agqueduct, the
product will be chosen.

Veeder-Root's Groundwater Sensor - sensor for free hydrocarbon product (LNAPL)

detection in monitoring wells.

Veeder-Root's Vapor (VOC) Sensors - can control and detect the presence of hy-

drocarbon vapors in a dry monitoring well.
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0 Hydrocarbon vapour exceeding the programmed threshold triggers a fuel
alarm.

s::can is a new compact, robust and submersible UV/VIS spectrometer available for
field and outdoor analysis. It is a continuous absorbance spectrum reaching from the
low UV to visible light. Submersible spectrometers can be directly immersed into the
medium, making it possible to combine the advantages of probe measurement with
those of spectrometry. Process spectrometry has the capability to detect several
types of hydrocarbons with high selectivity and reproducibility Resulting in the crea-
tion of a fingerprint database to be used directly for alarm and control systems.
enviroFlu-HC consists of a sensor for high precision measure of UV-fluorescence.
The sensor is connected to a control unit with a digital display for a portable or fixed
station monitor and control.
Leakwise ID-221 Oil Sheen Monitoring System  is used as industry leading tech-
nology of Electromagnetic Energy Absorption. The instrument (photometer) consists
of a very high frequency transmitter connected to a mismatched antenna immersed in
the monitored fluid. This technique enables continuous monitoring of an oil build-up

and the measurement of its thickness.

8.4.1.3ARSENIC DETECTORS
There are different methods for measuring arsenic in groundwater, although at present

portable sensors for detecting arsenic in the field are all under development or at experi-
mental stage. FCS-LaMMA and Acquedotto del Fiora are in contact with an Italian company
that is the official reseller of chemical analysers for laboratories and outdoor applications as
well as for on-line monitoring of waters. Among their products there are some new devices
that make use of flow-through electrochemical coulometry and in-electrode coulometric ti-
trations methods developed or improved by a Slovak company in cooperation with Slovak,
Czech and German universities.
EcaMon TE10 is an unattended monitoring system for continuous measurement of
trace and high concentrations of heavy metals and some non-metals in waters. This
analyser measures metal electrochemical properties either on an electrode (without
Hg) or through a direct electrochemical conversion. There is the possibility to meas-
ure several species simultaneously. The system is controlled by an integrated com-
puter that manages sampling, pre-treatment, analytic measurement, automatic sam-
ple validation, and a periodic check of operating functions and facilitates virtually all

kinds of In/Out signal flow.
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PCA Arsenomat : portable instrument with rechargeable battery. This enables simple
and quick analyses in the field for the fast determination of total arsenic in water
samples in the concentration range of 3 ug/l (ppb) up to several mg/l (ppm). Up to 20
results can be stored and then they can be transferred to a PC through the delivered
PCA-software.

8.4.1.4PIEZOMETRIC SENSOR

The aqueduct will provide two piezometric probes for water pressure and temperature

measurement and for monitoring groundwater levels.

Other sensors for particular parameter measurement such as pH and redox potential can

be provided by the aqueduct and deployed with the piezometers.

8.4.1.5METEOROLOGICAL STATION WEATHER SAT-1

This system was developed by the Climate and Sustainability Foundation (F.C.S.) and the
National Research Council (C.N.R.) — Institute of Biometeorology of Florence — lItaly, for

weather and agro-meteorological measurements.

With 0+5 Volts output, the weather station supports sensors for the principal meteorological
parameters, like air temperature and humidity, soil temperature, global solar radiation, wind
speed, wind direction, leaf wetness and precipitation. These sensors are connected to a
data-logger (with 8 analog channels, 11 digital channels with I/O functions and an input
counter channel for rain gauge) contained in a rugged box (IP56 protection class), where

the main board of the data logger and the sensor electronics are placed.
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Figure 8-11: Portable meteorological station

8.4.2 INFRASTRUCTURE

SWE architecture will be the foundation of sensor communications for all scenarios (see fol-
lowing figures). In principle even model data could be envisaged as virtual sensors using the
SWE philosophy. Project constraints make the extension of SWE to all data exchange too

difficult to be achieved, thus we foresee to implement it only for real sensor communications.
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Figure 8-12: Schema of the SWE services offered to the user in the Water scenariol (Arse-

nic contamination)
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Figure 8-13: Schema of the SWE services offered to the user in the Water scenario2 (Hydro-
carbon spill)
8.4.2.1COMMUNICATIONS MEANS
In order to simplify the management/deployment of the communication means, wide use of
wireless (e.g. satellite, GSM) connections is recommended between the sensors network
and the OSIRIS core system.
For sensor systems, internal communication means are deployed according to their specific

needs.

8.4.2.2POWER SUPPLY
Fiora aqueduct will provide a power supply to their ground control station and to the posi-

tioned sensors/analysers. For the portable sensors/analysers the use of solar panels or of

portable generator is foreseen.
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8.4.3 USER INTERFACE
The end user application will be hosted in the aqueduct control station. The user-interface

will use existing standards for display information.

The data gathered by OSIRIS will be displayed in a GIS-based model on a web-mapping ap-
plication. The application will integrate several layers showing:

Topographic maps.

Urban sites.

Road network.

Rivers network.

Water pipe network.

Aquifer extent.

Boreholes for piezometric measurement.

Mining locations.

Geothermal plant locations.

Specific output functions will be provided to match the following user needs:
Map of the models results. Charts and tables showing water quality aspects. This will
enable rapid transmission of the current strategy to the users and to the authorities

facing the emergency.

Final report for the post-crises phase management.

Page 120 of 140

This document is the property of the FP6-OSIRIS Consortium and may not be copied or communicated without written consent.



OSIRIS-WP2400-DEL-0017

Scenario Definition

PUBLIC

Figure 8-14: Maps, charts and tables of the end user application

8.5 RISk AND BACK UP SOLUTIONS

The strong interaction with the technical end-user has the advantages of a more user fo-
cused scenario, access to existing measurement means and possibility of new sensor acqui-
sition made by users, stimulated by the OSIRIS opportunity. The risk is that type and time of
user decisions are not guaranteed to be suitable for the project constraints and schedule.
This could happen for the As analyser, which is expensive and could be part of the project
only if the Aqueduct decides to buy it and does it in time for the project demonstration.

The process is already started, though if it is not successful or timely enough, the back-up
solution will be the acquisition of a sensor for As proxy parameters, such as Ph and redox
potential.

No clear mechanisms for As concentration are known thus only statistical relationships can
be found with water-table fluctuations and/or redox potential variation with trachytic rocks
oxidation. This could also affect As predictability in the demonstration phase, as there is in-

sufficient available past data for strong statistical analysis.
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9. CONCLUSIONS AND LESSONS LEARNED

9.1 CONCLUSIONS

The four live demonstration scenarios which will be implemented during the OSIRIS Project

have been described in this document thanks to the strong involvement of the OSIRIS users.

The aim of these demonstrations is to validate the added-value of an OSIRIS solution in
Monitoring and Crisis by combining different sensors (including users’ means) and thus im-
prove the global efficiency of users in their respective missions and their reactivity towards
the crisis.
The live experiments are complementary in terms of:

Environmental concerns (fire, air, water).

Time constraints (the time requirements differ from one scenario to another, however an

early detection is preferred).

Sensors (airborne and ground-based mobile or fixed sensors, stand-alone or networked).

Information provided by the sensors (from complex and structured to simple data).

Four areas of major environmental risks are covered:
Forest Fire, with the French Civil Protection scenario, where an advanced fire-fighting
strategy is required.
Indoor industrial fire threats of the Industrial Risk Management scenario, where the early
detection of fires and reduction of false alarms combined with information management
and response action support is necessary.
Air Quality Management, with a focus on monitoring and an early detection of air pollu-
tion. The information processing will allow the authorities to choose the most appropriate
intervention plan for the accident (evacuations, traffic reorientation, etc).
Ground water quality, with the management of fresh water pollution, where better auto-
mation is required.
In the users’ environment, the OSIRIS solution can be installed in new systems or as an ex-
tension/upgrade of existing systems, its architecture should facilitate its integration as well as

its overall acceptance.
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The document also defines risk and back-up solutions including mitigation strategies to face
any difficulties in obtaining the different authorisations for flight clearance, frequency alloca-

tion, resources and agreements from local authorities.

In conclusion, the identified scenarios match two main goals:
The demonstration of key applications for institutional and local operational users in
charge of continuous monitoring and emergency response.
The demonstration of advanced applications based on innovative technology integration
of general applicability at different scales in several European contexts.
The scenarios will thus demonstrate the capability to fulfil both end-user expectations and
European targets, thanks to the OSIRIS innovative approach, capable to work at different

scales and for multiple phenomena.

9.2 LESSONS LEARNED

The involvement of the users was essential for the definition of the scenarios and resulted in
precise operational requirements, organisation and processes.

A link with the WP8000-Flash Animation development was helpful since it provided a con-
crete view of the scenarios, their phases with the various entities including the actors and the
resources.

The document also shows a preliminary analysis and identification of the different compo-
nents used from the OSIRIS architecture (in particular the SWE) in the scenarios. This un-
derlines the necessity of bi-directional links between the WP6000 where the OSIRIS archi-
tecture will be designed and developed, and the WP4000 and WP5000, where the sensors

used in the scenarios will be customised.
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10. ANNEX

10.1 GROSSETO PROVINCE WATER QUALITY ISSUES

In the Province of Grosseto, a good quality and quantity water supply has to deal with ele-
vated contents of major ions (e.g. sulphate and chlorine) and of toxic trace elements (e.g. As,
B and Hg) deriving from hydrogeochemical anomalies of natural origin. The geological and
geochemical conditions of Southern Tuscany are complex and complicated by numerous fac-
tors, such as geothermal fields and metal sulphide deposits, which interact and are highly

synergetic with each other.

Arsenic (As) presence in Tuscany is mostly due to geothermal activities and to iron sulphur
(pyrite and arsenopyrite) that form accessory mineralisation of the aquifers rocks. The origin
of As circulation in fresh water is related to water/rock interaction and to the hydrothermal flu-
ids coming from deeper water tables. Grosseto Province is characterised with many kind of
volcanic, geothermal and mineral genetic processes that give origin to several “geochemical
provinces” (particular areas with high concentration of one or more chemical elements).
These geochemical provinces concern very toxic elements for human health and for the envi-

ronment such as Hg, As and B.

In Grosseto Province, arsenic is detected in the potable water coming from the aquifers of
the Amiata Mountain volcanic system (Arcidosso and Santa Fiora municipalities) or in areas
with geothermal activities. Also in the Northern part of the province arsenic has been found in
superficial and ground water of the Colline Metallifere (Gavorrano) where several pyrite de-

posits are located.

The national Italian law (D.lgs. 31/01 modified with D.lgs. 27/02) is the acknowledgement of
the European Directive n. 98/83/CE about potable water quality. According to this law, from
the 25" of December 2003, the allowable concentration of arsenic in potable water has
dropped from 50 to 10 ppb. However, for particular areas where the concentration does not
conform to the new limits, the Ministry of Health under Regional petition, could ask for a res-
pite to the European Commission. Grosseto Province is in this moment under this kind of cir-

cumstance for the arsenic limit.
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10.1.1 ARSENIC DISTRIBUTION IN THE WATER
Today, the best hydrological resource of the region in quality and in quantity is the Fiora

River spring (more than 600 I/sec), although quantity of arsenic (9ny/l.) has been detected.

Figure 10-1: La Peschiera: Fiora River spring

Arsenic is a very critical element due to its carcinogenetic character (WHO, 1993). Its pres-
ence in the natural waters may have multiple causes, such as hydrothermal circulation and

supergene alteration of Arsenic minerals in sulphide deposits.

Table 10-1 shows Arsenic concentration in some particular sites of Grosseto Province which
present concentration anomalies. The values represent the arithmetic means calculated on

all samples done for the same location at different time.

N Sam- ID Site Municipality  BiglaUniRomal Type N meas- As ug/L
ples ures mean
4 4A3692Aa01 | Arcidosso Sorgente Ente Spring 2 12.200
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8 4C0862Aa01 | Castel del Sorgente Spring 2 11.950
Piano Crogiolo 1
19 4D6562Be03 | Follonica Pozzo 713 Well 3 15.970
25 4D9482Be06 | Gavorrano Pozzo S.Giorgio | Well 3 44.470
34 4E8751Ae01 | Manciano Albegna 3 Superficial | 8 16.540
39 4F0321Ae02 | Massa Pecoral Superficial | 7 12.570
Marittima
54 4G7161Ae04 | Pitigliano Torrente La Superficial | 7 16.520
Nova
55 4G7161Ae05 | Pitigliano Torrente Lente Superficial | 7 12.250

Table 10-1: Sampling points with As >=10 ug/I (Dall'Aglio etr alii, 2001). In bold Mt. Amiata

sampling

The greatest part of analysed samples shows a very low As concentration (often <1 pg/l) or

relatively low, in any case below the law limits for health protection.

Values > 5 pg/l (still below the law limits) have been measured in springs and well of the

Amiata Mountain area. This is due to the fact that Arsenic is easily mobilised in hydrothermal

conditions. Moreover the geothermal activity of the Amiata Mountain and the volcanic rocks

can develop very large As dispersion aureole.

Starting from 2002, As concentration measurement was monitored to better understand

where and when the concentration exceeded the new law limits. Since then 9 sampling

points presented at least once a concentration greater than 10 pg/l:

Abbadia S. Salvatore: 30<As<20 ppb (Acqua Gialla and Pian dei Renai wells,

Galleria XI).

Arcidosso: < 20 ppb (Bagnoli, Ente, La Vena, Munistaldo, Triaco).

Casteldelpiano: < 20 ppb (Crogiolo spring).

Piancastagnaio: < 20 ppb (S.Michele 2 well, Bagno degli Ebrei spring, Polveriera and

Saragiolo).
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Figure 10-2: As concentration in potable water springs

At present the cause of Arsenic occurrence in the water of Santa Fiora area is not yet known.
Several hypotheses have been formulated:

1. relation with geothermal activities and exploitation.

2. relation with the water-table fluctuation and/or redox potential variation with trachytic

rocks oxidation.
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The first hypothesis could be related to the fact that Southern Tuscany is rich in mercury
(quick-silver) and the amount of this element, that naturally occurs in soils and waters, is en-
hanced in some areas by anthropogenic sources, mainly cinnabar mining (Mt Amiata). The
Mt. Amiata geothermal field was once well known for its cinnabar deposits, which, despite
the cessation of mining and smelting activities in the late seventies, still cause high environ-
mental mercury levels (Barghigiani & Ristori, 1994).

Figure 10-3: Abbadia San Salvatore mine geological schema

Considering the location of the springs with high Arsenic concentration it is possible to see

that they exist in areas with cinnabar mineralisation (see fig. 10-4).
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Figure 10-4: The blue triangles indicate mineral outcrops, the red ones geothermal waters,

and the red circle springs with As concentration

The Cinnabar deposits description takes note of the widespread presence of arsenic sul-
phide minerals such as realgar (As;S4) and orpiment (As,S3) used as a pigment and medi-

cine.
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Realgar (As;S,)

Orpiment (As,Sj3)

Figure 10-5: Arsenic sulphide minerals

During the water-table recharge, meteoric oxidant waters could become in contact with arse-

nic sulphide deposits favouring the As dilution.

At present the economic activity of the Amiata region is mainly based on industrial exploita-

tion of geothermal resources. Nearby Piancastagnaio is located one of the major ornamental

plants nursery in Italy (Floramiata). The company, founded in early 1980’s, with its 22 hec-

tares of greenhouses, gives employment to more than 200 persons. The greenhouses are

completely heated by geothermal energy, giving a big economical competitive advantage on

the energy cost. The geothermal energy is conveyed to the greenhouses by a transformation

and transport plant: the fluid unloaded from the turbines is condensed and mixed with water

to reach the temperature of 90 . The optimal temp erature for the cultivation is reached

thanks to the 3000 meters of purification piping.

Geothermal utilization schema
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Piancastagnaio geothermal plant

Floramiata greenhouse Bagnore geothermal plant

Figure 10-6: Exploitation of geothermal energy

The production of geothermal energy may affect the surrounding environment. Excluding
geological and geophysical effects, the environmental impact is related to the emission to the
atmosphere of significant amounts of non condensable gases (NCG), as well as elements
and compounds of toxicological relevance which may be dangerous to public health. Most of
the waste generated in geothermal mining takes the form of water which has concentrations
of silica, boron, ammonia, arsenic and mercury. This brine is generally re-injected back into
the geothermal field to prevent subsidence. Particular attention must be paid to not contami-

nate the aquifers (which feed potable water sources) when re-injecting.

The second hypothesis related to the oxidation of trachytic rocks seems to be confirmed by
preliminary data on rocks analysis done by ARPAT: a trachyte rock sampler taken in Galleria
Nuova gave an arsenic content of 7 mg/kg; another trachyte rock sampler taken close by
Ente spring gave an arsenic content of 3 mg/kg while in the same location a strongly oxidized
sampler of the same rock gave 77 mg/kg. This hypothesis is also enhanced by a water qual-
ity assessment study carried out as part of a research contract between the Regional Agency
for Environmental Protection of the Tuscany Region (ARPAT) and the Earth Science De-
partment of the University of Rome “La Sapienza” (Dall’Aglio et alii 2001). The study was
conducted on the natural waters of the Grosseto Province in order to assess their supply and

quality for drinking.

In the geological and geochemical complex situation of the province of Grosseto, it is very

difficult to define precisely different categories of water geochemical classification.
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The collected data was examined with a statistical approach and the results showed the ex-
tremely heterogeneous characteristics of the natural water analysed. In particular, the Che-
botarev diagram was used to represent the chemical characteristics of the several families of

natural water (Figure 10-7), where the reaction value as % of significant groups of cations
and anions are shown.

Figure 10-7: Chebotarev diagram of the reaction values % of significant groups of cations
and anions of the water samples analysed. 63 sampling points in the Grosseto Province: the
number indicates the sampling location (see Table 10-2). The red circle indicates the springs

located in the Amiata Mountain area.
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Table 10-2: List of the sampling points used for Chebotarev diagram

The diagram shows that the water samples are distributed mainly on the quadrants that rep-
resent carbonates and sulphates chemism. In particular, the springs of Crogiolo (52), Burlana
(61), Galleria Alta (60), Ente (51), are part of the Amiata aquifer and they present an alkaline
carbonate chemism (Na and K) due to the water interaction with the volcanic rocks. In the
diagram almost all wells present an alkaline chloride and sulphate chemism; these waters, in
fact, interact with the sea-water and become richer of chloride and alkali (e.g. Na). Finally the
superficial water samples are distributed in both quadrants without a defined, precise chem-

ism.

The same work used multivariate statistical analysis techniques such as principal compo-
nent, factor and cluster analysis to gain greater insight into the features of the natural water.
In particular, a number of interactive computations were necessary to finalise a reliable result
from principal component and factor analysis. The Factor Analysis was conducted with 13
variables: 277 cases were processed but only 66 cases were accepted because of significant
values for all the 13 variables considered. Table 10-3 illustrates Eigenvalues and Variance

for each factor and Table 10-4 the Factor Loadings (Varimax raw) Extraction of each factor.

Table 10-3: Eigenvalues. Extraction: Principal components
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Table 10-4: Factor Loadings (Varimax raw) Extraction: Principal components. Highly signifi-

cant loadings (>.700) are marked as bold character

These results give useful hints for a better understanding of the natural processes that are

the basis of the constituents associations found in the analysed waters.

Factor 1 indicates a very considerable association between Electrical Conductivity
(Cond), and Ca, Mg, Na, CI, K, reflecting high salinity due to marine water intrusion,
especially in the coastal areas.

Factor 2 underlines an association between NH4 and B (and As) that may be related
to hydrothermal circulation.

Factor 3 highlights the association between F and K for the interaction with the vol-
canic rocks of Amiata Mountain.

Factor 4 points out a strong relation between Ca and SO4 usual for marine and
evaporite formations where mineralisation and oxidation of sulphide minerals yield

calcium carbonate.

Finally Cluster Analysis was applied to the statistical population used for the Factor Analy-
sis, using Ward'’s linkage method and R-Pearson distance measure. The results of two dif-

ferent analyses are shown in figure 10-8 and 10-9. Figure 10-8 refers to 15 variables and 65
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cases, while figure 10-9 refers to 13 variables and 66 cases with a higher Linkage Distance
scale. The outcome of the two analyses is very interesting because they are convergent with

the Factor Analysis results.
The two diagrams show a very evident association among T (temperature), K, F, NH4, As

and also with Mg (less evident). This demonstrates a hydrothermal association with some in-

put from water interacting with volcanic rocks.

Figure 10-8: Cluster Analysis result for 15 Variables and 65 cases
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Figure 10-9: Cluster Analysis result for 13 variables and 66 cases with a higher Linkage Dis-

tance scale

10.2 PRoTOCOL DOCUMENTS FOR HAP-SENSOR DISASTER PREVENTION AND HAP-
SENSOR DISASTER RESPONSE

The HAP-Sensor ‘disaster prevention’ protocol and HAP-Sensor ‘disaster response’ protocol,
including the sensor workflow in relation with the overall Sensor-System are already partially

described in the sections 5.3 and 5.4. However, one can add the following information:

A HAP sensor system can be pretty much considered as a classical satellite remote sensing
system but with the advantage of having “on-the-fly” configurable trajectories allowing for op-

erations where needed and to avoid cloud cover.

When the HAP is configured in “hovering mode”, the image update rate is very high (25
frames/s in video mode, maximum 0.7 frames/s for the MEDUSA camera system, see

http://medusa.vat.vito.be/), which makes this sensor system ideally suited during the re-

sponse and recovery phases of disaster management.
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When the HAP is configured in “mapping/reconnaissance mode”, the sensor system is capa-
ble of delivering area-wide regional composite maps. In this operational scenario, the update
rate depends on (a) the dimensions of area of interest and (b) the stratospheric weather con-
ditions. Thus, for regional applications, a HAP sensor system is also very suitable within the

prevention, preparedness and alert phases of disaster management.

In order to support missions in remote areas, two sensor system customisations were neces-
sary: (a) establishment of a satellite uplink and (b) the establishment of a micro processing
and archiving facility inside the mobile ground control station. The Mercator-1 UAV system
was originally designed for operations in Flanders. Since the action radius of the UAV plat-
form around the Ground Control Station (GCS) is about 150 km, the control station can be
positioned in the direct neighbourhood of the Central Data Processing Centre (CDPC), allow-
ing for a direct 1 GBit/s physical link. For operations outside Flanders, a satellite uplink must
be installed to link the GCS with the CDPC. Unfortunately, given the costs involved, the
maximum throughput will be around 4 to 10 MBit/s. Since the MEDUSA camera system de-
livers a 20 MBit/s data stream, a micro processing and archiving facility in the GCS is neces-
sary to further reduce the data stream to 4 to 10 MBit/s, i.e. to prepare the data set for
transmission to the CDPC installed at VITO.

A third possible customisation will be directly related to the frequency allocations that the
consortium will receive for the demonstration exercise. If the bands allocated are different
from the used UHF and S-band already programmed in the present design of the Pegasus
system, the transmitters/receiver should be replaced. However a clear view concerning this
possible customisation is impossible at the present moment: one should wait for the final fre-

quency allocations.

The product service portfolio was derived from the user requirements document. The service
portfolio can be subdivided in to main service segments: (1) on-demand UAV mission plan-

ning and (2) on-demand image product definition, generation, querying and ordering.

10.2.1 UAV MISSION PLANNING
Since the solar powered UAV platform is designed to stay aloft for multiple weeks, it is fore-

seen that the flight plan can be altered on an ad-hoc basis. However, the response time upon
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specific user-requests to send the UAV platform to a certain area is uncertain and depends

on (a) the stratospheric weather conditions and (b) the available power supply.

As presented in Figure 10-10 there is an energetically optimal platform operational area indi-
cated by the yellow circle. In order to guarantee long mission lengths, the UAV pilots are

striving to maintain the UAV platform within this optimum zone.

Figure 10-10: UAV flight envelope

Consequently, when new mission objectives and the corresponding waypoints are received,
the pilots have to validate this. Their feedback has to be forwarded to the disaster manage-
ment user, presenting the user with the expected time of arrival. The user should then be

able to confirm or decline his request.

10.2.2 IMAGE PRODUCTS

From the user-requirements, two product types were identified: (1) geo-referenced (with
user-customisable projection system and projection datum) image composites at a user-
customisable resolution to have an overview of what the UAV sensor system has seen dur-
ing a user-customisable number of minutes and (2) geo-referenced full resolution single im-

ages.

Because the payload mass must be limited to an absolute minimum (< 2 kg), an inertial

measurement unit (IMU) on the camera head which measures the camera exterior orienta-
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tion might be an optional module. In this operational scenario, the ground segment shall
completely rely on computer vision techniques to register the imagery geometrically. If an
IMU system is present, even the best devices currently available will generate a positional
uncertainty of several meters when operated from stratospheric heights. Consequently, im-
age co-registration is inevitable in the near-real-time production of geo-referenced images for

disaster management users.

Image registration is the process of matching overlaying images and/or vector information of

the same scene taken at different times, from different viewpoints, and/or by different sen-
sors. Several techniques exist and are described in the literature that allow automated regis-
tration. The main bottleneck with automated registration techniques however is quality as-
surance. While the literature often documents successful results on a small dataset, it is diffi-

cult to assess the true performance of an algorithm in a real world scenario.

Therefore, VITO has started in March 2007 a dedicated project (funded under the Stereo-2

programme of the Belgian Science Policy http://rims.vgt.vito.be/ ), wherein the techniques for

performance evaluation and characterization will be evaluated to solve the problem of quality
assurance and to develop an image information management (IIM) system that allows the
best processing chain in the Central Data Processing Centre to be selected in near-real time

based on the image scene content and external data at hand.

By analysing the image information and predicting the expected quality of the registration re-
sult given this data, the best set of techniques can be selected for processing. In addition,
depending on the requirements of the applications, the needed spatial quality and speed of
processing can vary. To be able to manage this, full control over the registration algorithms
and information processing is required in terms of performance prediction. In addition, the
expected positional quality is documented as metadata and can be used by the operator to
decide on additional intervention. This is essential information in the framework of opera-
tional UAV mission planning. The methodology however is generic and applicable to other

processing systems.
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