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1. Introduction

With their computational power increased, the nemegation of emergency response and real-time idecis
support systems (ER&RTDSS) represents major impneves in the ability to provide decision makershwit
timely and accurate assessments of the impactsudkar or chemical accidents on public health dmal t
environment as well as increase ability for fagt ancurate response in case of terror acts. Howitvantails a
complex structure of ER&RTDSS kernels which must developed for management and control of the
computational flow, task scheduling and data adiiuis In general an integrated ER&RTDSS consigtfoar
functional modules developed for:

- interfacing to on-line biological/chemical/radiologl monitoring and meteorological networks,

— atmospheric dispersion modelling,

— consequences simulation,

— decision support and emergency response plannihgwgport in case of a real emergency.

The kernel of an ER&RTDSS has to provide a frienifiierface to the user and ensure control over the
computational module and a large amount of vardata, coming usually from other dedicated systepesaied
in different computer environments. Some of thesa dre static or varying slowly - topographic datavation
or land-use can be updated from time to time -theitmajority of the data should be provided in+t@ak. It in
particular concerns collection of accident inforimaf meteorological and measurement data from dical |
networks along with meteorological data from nagloweather centers. This demands application oémackd
software engineering techniques using adequate toaope effectively with:

- data exchange with other systems,

- meeting demands of real-time regime, e.g., thrquaghllelization of algorithms,

- distributed processing,

— heterogeneity of the network,

- portability,

- software security,

— ability to integrate with other systems.

Below we review basic strategies and methods falimte with the issues set out above. A particutfaplkasis is
placed on aspects of these technologies that rpeeifis requirements of the ER&RTDSS.

One of the particular features of ER&RTDSS is theassity of dealing with a great variety of dateity from
other dedicated systems like meteorological andsoreanent networks or various types of geograplacal
statistical information. It necessitates both deisig fast, reliable communication systems and iatigg
functions of different computer systems. To achiévat goal the following types of data exchangewken
systems can be considered:
— broadcasting: when information is sent in one diogc the receiver accept any information and wkené
is sent - no possible interaction between systems,
- file transfer: information is stored on a servecessible for a client; it may be organized in atomatic
way,
— remote procedure call: the client can use functa@slable on a server building a distributed aggilon,
— message passing scheme: cooperation between chedtsservers is based on sending requests and
receiving answers in the form of messages,
— callbacks: a small but convenient improvement @& pinevious items - the client sends a requestdo th
server, which will reply to the client automatigalthen the data are ready for transfer,
- invoking a remote object method: in a sense th&@nslar to remote procedure call, but it takesaadage
of object-oriented features like encapsulationfralssion, polymorphism.

In a practical sense some of these methods camfidernented using the others: a remote procedul@rcabp
of message passing scheme, invocation of remotecibhjethod on top of message passing scheme otegemo
procedure call.

Another important feature of ER&RTDSS is timelypense, together with accurate predictions. Thisatets
appropriate computer capacities, sophisticated enadltical models and high performance numerical austh
that take advantage of recent advances in compethlnology, in particular vector and parallel pissieg. The
emergence of new generations of workstations has made it possible to consider employing workstatio
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clusters to achieve supercomputer power for a sir@dtion of the price of a supercomputer. In addit many
traditional supercomputer applications relevant ER&RTDSS have benefited greatly in the move frdma t
realm of the supercomputer center to the more dioeal control of the end user. However, this kadain to
distributed computing.

Security is another key factor of ER&RTDSS softwadae should consider security within the Intraoretvhile
connections to remote resources as well as stahilid robustness of the whole system. Sometimaayteven
denote opposite requirements: flexibility and opessneeded for integration with other systems tilukseping
all the elements of system security.

Portability also seems to be an important issukeaat from developer’s point of view.

All the above features of ER&RTDSS, as well as th®t mentioned here, require special softwarentigoes
that should be used in the system developmentaiticplar distributed processing, while preservinifysecurity
is a some kind of challenge for analysts, desigaedsprogrammers.

2. Review of some advanced softwar e technologies

This section reviews the basic software tools fredlopment of ER&RTDSS in a distributed environment
A. Distributed Computer Environment (DCE) of Opeoft&are Foundation (OSF) provides a common multi-
vendor infrastructure for distributed applicatiogy services supported by DCE are as follows:

— remote procedure call (RPC),

— directory service,

— security services.

DCE supports a few elements of the object-orieamgatoach and standard the interface is defined(im€C++
or any other object-oriented language). There @ faw object-oriented extensions of DCE provitbgdsome
vendors, such as OODCE from Hewlett-Packard or BEEZE++.

B. CORBA (Common Object Request Broker Architecturé Object Management Group (OMG) is a set of
vendor-neutral standards for various distributerises. Unlike DCE, CORBA is explicitly object-orited.
CORBA standards define only interfaces, not actuglementations of those interfaces (as in DCE)RB@&
supports callbacks via events (independently ofdbgct’s interface), as well as exceptions (sifyplg the
implementation of security services). The OMG has defined a COM to CORBA specification. CORBA can
be build on top of DCE - such an implementatioretatdvantages of DCE services.

C. OLE (Object Linking and Embedding) is based ampPonent Object Model (COM) of Microsoft. COM
specifies conventions and provides services foinoef and using objects. It is based on Microsd®@R that is
interoperable with DCE RPC. For distributed objerisextension of COM has been defined (Distrib @&M -
DCOM). Callbacks are supported by a specific imegf OLE, although originally standing for linkiraand
embedding, is now a technology including lots dhdgis from compound documents to database interfaces
OLE/COM is well suited for front-end applicationdait might be a good choice for distributed apglimas that

are to be run on Microsoft platforms.

D. System Object Model (SOM) of IBM is CORBA conmgit, language neutral and a multi platform object
model. There is also a specification for distrilbutebjects called DSOM (Distributed SOM). For compau
documents IBM proposes an OpenDoc software ar¢hitebased on SOM.

E. Java of Sun Microsystems is a new object orégraechitecture-independent, multi threaded langubgt can
change World-Wide-Web applications significantlgva scripts (called applets) can be put directly iWWWW

page, allowing the user to change its behaviouadyoally. Analogously Java servlets stay on a setveneet
user request. Java interfaces are similar to IDte(face Definition Language), which means thaiaJean be
utilized in CORBA or any other distributed systems.

F. Message Passing Interface (MPI) and ParalleLi@iMMachine (PVM) of Oak Ridge National Laboratamng
examples of parallel distributed systems. Thesdesys are mainly designed for increasing computation
efficiency through parallelization of the algoritenand are typically based on a message-passinge@onc
Because communication between computers is alsedbas message-passing schemes they can be used in
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distributed environments. Systems built directlyadmject-oriented approach (for example POOMA, Parallel
Object Oriented Methods and Applications of LosmMs National Laboratory) are also available, ad a®l
object-oriented extensions like OOMPI (Object OrehMPI).

G. A variety of Relational Database Managemente®gst(RDBMS) have built-in distributed features,tsas
ORACLE, Informix, Sybase, Ingress, PostgreSQL atiters. However, one should also consider OODBMS
(Object Oriented DBMS), for example ObjectStoreefar Ontos. These systems directly deal with dbjand

in comparison with RDBMS are usually faster in réiale transactions, which is of great importance fo
ER&RTDSS.

H. High Level Architecture (HLA) is general purposeftware for distributed simulation systems, depet by
U.S. Defense Modeling and Simulation Office. UsidgA, computer simulations can communicate to other
computer simulations regardless of the computiagf@ims. Communication between simulations is maddxy

a runtime infrastructure (RTI). The HLA (defineddar IEEE standards) consists of: interface spetifia
(compliant with RTI), object model template and @k rules. It can be used for building and running
simulators, each one modeling some aspect of alearspstem.

I. Dynamic Information Architecture System (DIAS@wkloped by Argonne National Laboratory (ANL). DIAS
is a flexible, extensible, object-based framewaok fleveloping and maintaining complex multidisaiply
simulations of a wide variety of application corttexBecause DIAS is explicitly designed to be criteutral,

it supports simulations in essentially any domaimvironmental, military, emergency response).

In order to assess which technologies can faalithe development of ER&RTDSS software one shoudd f
consider the basic structure of such systems. dhewing three levels of ER&RTDSS have to be takaio
account:

— management during emergency situation,

— simulation and analysis of emergency situation,

— collection of necessary information
Each of these levels can be divided into threeemabd:

— components, i.e., functional modules,

- management and controlling of the components,

— integration tools for dealing with different compeunts.
The last two levels are often implemented by theesaoftware tools.

Table 2.1. Software architecture of ER&RTDSS.

Level Components Management & control Integratmold
Management during Front-end applications: Graphic user interface OLE, OpenDoc, Jaya
emergency situation » decision making support

* emergency action suppoft
» public information

Simulation and analysis Functional modules: Process management DCE, CORBA, COM,
» atmospheric dispersion SOM, RPC, MPI
modelling (PVM), HLA, DIAS

* environmental models
* countermeasures and their
evaluation

Collection of information | 1. Databases: 1. Transaction 1. RDBMS,

» real-time (measurement | management (typically | OODBMS
and meteo monitoring) | built-in in DBMS)

 static (geographical,
topographic, statistical
and others)

2. Communication (different| 2. Protocols management 2. Transport Layer

protocols) Interface (TLI)

Table 2.1 shows the structure of ER&RTDSS includinffware tools for each level. The most diffiqodtrt in
implementation is the second level, particularlynagement and integration elements of ER&RTDSS, usera
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they are also responsible for communication with tiho last levels. It demands utilizing such teges and
standards that are highly interoperable acrossréift platforms. It seems that the current trendghe
development of client-server applications show thath kinds of cooperation will be possible in thearer
future. It is, however, important that in ordercteate distributed systems the appropriate desigacdon clearly
defined processes, objects, their interactions takihg into account fundamentals presented in T&bleis
necessary.

In the following sections some advanced emergeesgonse and decision support systems used opeatio
are presented. This cannot be, at any case, traatadull review, as there are a number of othstess worth
mentioning (like JACE-CATS, AirQUIS and many othersthe idea was rather to show some working smsti
It should be however clear, that there exist aolopossible solutions and very often there are hwiaus
advantages ones over others.

3. The RODOS:. Real-time On-Line Decision Support System for Nuclear
Emergencies.

The Chernobyl accident had a profound effect onrgerey preparedness and post-accident management
worldwide and, in particular, in Europe. Deficieegiin arrangements dealing with an accident ofrttaignitude

at both national and international levels (e.g.world food trade) led to many problems of a piadtiand
political nature. Many lessons have been learnti, emnsiderable resources have since been commitied,
improve emergency preparedness and post-accidamgament in order to avoid similar problems in rfatu
Improvements have been made at national, regiamdlimternational levels and have been diverse tnrea
However, more needs to be done to ensure a timeletective response to any future accident.

Emergency management, more generally, has receicezhsed attention following the tragic eventshia U.S.
in September 2001. Attacks with radiological disa¢rdevices (RDD), which spread radioactive matdnja
aerosolising or dissolution in water reservoirs@mently under intense discussion.

A number of requirements emerge from these corsides; they include:

— the need for a more coherent and harmonized respongurope and during different stages of an
accident (in particular, to limit the loss of pubtionfidence in the measures taken by the autéstitir
their protection);

— exchanges of information and data in an emergem@sgo enable neighbouring countries to take more
timely and effective action; and

— the necessity to make better use of limited te@im&sources and avoid duplication.

The RODOS project was established to respond teetheeds. It was launched in 1989 and increassitén
through the European Commission’§, 3" and %' Framework Programmes. Significant additional fuhdse
been provided by many national R&D programs, regearstitutions and industrial collaborators. Irrtaular,

the German Federal Ministry for the Environmentfuda Conservation and Nuclear Safety (BMU) contelu

to the project financially with a special focus early emergency response. Up to 40 institutes fsome 20
countries in the European Union, Central and EaskEurope and the Former Soviet Union were actively
involved in the project (Schulte et al., 2002).

As a result of these collaborative actions, a camensive decision support system (RODOS) has been
developed which can be applied generally within aabss Europe (Ehrhardt and Weis, 2000; Ehrhaaf4).
It can be used in national or regional nuclear gewmcy centres, providing coherent support at athest of an
accident (i.e., before, during and after a releaseluding the long term management and restaratd
contaminated areas. The system is able to suppoigidns about the introduction of a wide rangpantially
useful countermeasures (e.g., sheltering and etianuaf people, distribution of iodine tablets, tbrestrictions,
agricultural countermeasures, relocation, decomtatiain, restoration, etc.) mitigating the consegesnof an
accident with respect to health, the environmend #e economy. It can be applied to accidenta&lasss into
the atmosphere and into various aquatic environsnefyppropriate interfaces exist with local and o
radiological monitoring data, meteorological measuents and forecasts, and for adaptation to loeglpnal
and national conditions in Europe.

The current version of the system (RODOS versior6Fy has been, or is being, installed in nati@maérgency
centres in several European countries for (preaijmral) use (Germany, Finland, Spain, Portugaktia, the
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Netherlands, Poland, Hungary, Slovakia, Ukrainey&tia, and the Czech Republic). Installation re$een or
under consideration in Switzerland, Greece, Romdhitgaria, and Russia within the next few yeanstdllation

in the CEE and FSU has been achieved with suppom the European Commission’s ECHO, PHARE and
TACIS programs, respectively. Installation of thestem for (pre-operational) use in many nationaéeyancy
centres is indicative of the success of the sysianh its potential for achieving more coherent afidcéve
responses to future accidents which may affect giro

3.1 Structure and functions of the RODOS system

From the beginning, the RODOS system has beenrdebigs a comprehensive system, that:

- incorporates state-of-the-art methods, models aath dases for assessing, presenting and
evaluating the consequences of a nuclear accident,

— can be applied at all distances from the reledsg si

— takes account of the most important emergencyreand countermeasures,

— can be used from the moment that an accident #nweathrough to long-term actions implemented
months or years after an accident.

— provides information ranging from largely descniptireports (Levels 0-2, see Table 3.1) to a
detailed evaluation of the benefits and disadvasgagf various strategies and their ranking
according to the societal preferences expresselebgecision makers (Level 3, see Table 3.1).

Table 3.1. Levels of decision support systems.

Level 0: Acquisition and checking of radiologicaltd and their presentation, directly or with miniraaalysis,
to decision makers, along with geographical andatgaphic information.

Level 1: Analysis and prediction of the current dantlire radiological situation (i.e. the distribari over space
and time in the absence of countermeasures) bgsad monitoring data, meteorological data and mgdels
including information on the radioactive materieleased to the environment.

Level 2: Simulation of potential countermeasureg.(sheltering, evacuation, issue of iodine tablet®cation,
decontamination and food-bans, restoration), iti@dar, determination of their feasibility and ification of
their benefits and disadvantages.

Level 3: Evaluation and ranking of alternative t&gies by balancing their respective benefits deddvantages
(i.e. costs, averted doses, reduction of stressarigty, socio-psychological aspects, politicalegtability, etc.)
taking account for judgements and preferences e makers.

The system should be capable of coping with diffees in site and source term characteristics dratkailability
and quality of monitoring data, and in nationalulagjons and emergency plans. In addition, theaisRODOS

for training and education in radiological proteatiand emergency management has been one of tlee maj
objectives from the beginning. Another importanyuieement was that the system uses meteorologiwdl a
radiological monitoring data and field measuremeatsmprove the accuracy of its simulations of aspiteric
and hydrological dispersion and radioecologicacpseses.

Due to the complex requirements on the RODOS systieming planning and development only minor benefi
could be taken of the experience gained with exdssystems. Therefore, from the beginning the titexa
“prototyping” concept was pursued, which led stgpstep to the completion and continuous improveroétiie
system.

The basic concept and design of RODOS were spddifiel agreed upon by participants at the outséteof
project. The conceptual RODOS architecture (see Fib) is split into three distinct subsystems, clihare
denoted by Analysing Subsystem, CountermeasureySteins and Evaluating Subsystem. Each subsystem
consists of a variety of modules developed for pssing data and calculating endpoints belonginghéo
corresponding level of information processing. Tiedules are fed with data stored in three diffedatiabases,
comprising real-time data with information comingrh regional or national radiological and meteogadal
data networks, geographical data defining the enwirental conditions, and program data with resalitsined

and processed within the system. The interconneafgprogram modules, the input, transfer and emgheof
data, the display of results, and the interactimd automatic modes of operation are all controlbgdthe
specially designed RODOS Operating System.
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The dialogue between RODOS and a user is orgamsaw different modes. In the so-called "automaticde™
the system automatically presents all informatioiclv is relevant to decision making and quantifiabi
accordance with the current state of knowledgédnénreal cycle time. For this purpose, all the dattered into
the system in the preceding cycle (either on-lineetered by the user) are taken into account énctivrent
cycle. Interaction with the system is limited tarénimum amount of user input necessary to chariaetgéhe
current situation and adapt models and data.

] data base \

y

ASY analysing subsystem
operating |« ’ CcsYy oountermwsuresubsystem‘
subsystem

’ ESY evaluating subsystem ‘

'

] communication interface \
B
| userswith different capabilities |
Figure 3.1. Conceptual structure of the RODOS syste

The diagnostic calculations are performed in théormatic mode with cycle times of 10 min. Prognostic
calculations and simulations of emergency actiogether with consequence assessments are repwgaitzally
every 30 min. The automatic mode is limited to tie@ar range around the nuclear facility, definedbyarea of
160 km X 160 km; it is terminated after the clowbtheft the calculation area and thus when “stabbgiditions
are reached (see Fig. 3.2).

Either in parallel to the automatic mode or aloR€DOS can be operated in the "interactive mode". In
particular, all calculations at distances outshte 160 km x 160 km area are performed interactively

time

inter active mode:
user controlled individual runs

cloud(s)

out of area .

automatic mode:
end of system controlled cyclicruns
release |
) diagnoses: ~10 min

beginof | prognoses: ~30 min

release

alarm T

[ I I
1 10 100 1000

_—

distance from site[km]

Figure 3.2. Operation of RODOS in different timalss and distances.

The dialogue between RODOS and a user is perfonigdarious user-interfaces tailored to the neeut$ a
qualification of the user. The access rights ofedént user groups determine the type of userfaater which
allows increasing access to models, data and syseameters in a hierarchical structure. At theelsiwevel of
access, there is an easily understood but veryelimnterface; at the highest, the full spectrunmtdrface tools
is available for system administrators and opesafimmiliar with the system’s content and structure.
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3.2 Interfacesto plant safety, radiological monitoring data and meteorological
information

The RODOS system offers appropriate interfacedaot gafety, radiological and meteorological networ
- flexible input of source term information,
— accident source term data base for nuclear powantgl such as PWRs, BWRs, VVER440 and
VVER1000,
- radiological real-time data:
0 stack emission data,
0 local monitoring data,
0 national monitoring data (incl. EURDEP, the Eurap&mta Exchange Platform),
- site meteorological data (multiple meteorologidatisns),
- meteorological forecasts of numerical weather nodéhational weather services,
— prognostic long range atmospheric dispersion cafimrs performed externally.

Parallel to the development of the RODOS systemtopype software tools have been developed withe t
STEPS/ASTRID and STERPS projects (Schulte et @b2pwhich, in the event of an emergency situaiioa
light water reactor, allow to follow up the progses of an accident from the moment it is detectad to
forecast the future behaviour of the reactor anémi@l releases. The source term, thus evaluaisdrfthan in
real time, can be used to predict with RODOS themtéal and/or real radiological consequences. lignbiasis
of the results of these prognostic calculationsjsiens about precautionary emergency action caniti@ted in

a timely manner. Appropriate interfaces exist teeclly transfer to the RODOS system the source @aa
estimated with the software packages mentionedeabov

3.3 Diagnosisand prognosis of the radiological situation

Meteorology and atmospheric dispersion

RODOS provides continuously updated fast and congm&ve assessments of the radiation exposureeof th
population following accidental releases of radinac material (or the threat of such a released itite
atmosphere and/or the aquatic environment. Calonktan be performed

(1) either with the incoming on-line meteorologidalta and prognosticated meteorological fields,
(2) or with historic and/or user defined meteoradayinformation.

Case (1) corresponds to the typical real-time dmraof the system. In the automatic mode, diagnost
calculations can be performed without time limias, the 30 min interval prognostic calculationteas over a
time period of 24 hours. In the interactive modhe time period of the prognostic calculations rigitied by the
duration of the available meteorological forecasts.

In case (2), RODOS is used for calculating compégiisodes of past or artificial accident situatiasit known
information about meteorology and source term. €hegssodes can extend over a time period of ufy tdags.
The main purpose of this kind of application iseucate and train current and future RODOS opeyatod
users and to support the preparation and perforenahlocal, national, regional or international eses.

The dispersion and deposition of material releasedthe atmosphere is predicted by means of &dedtain of
models. The models consistently simulate disperaimhdeposition processes over two distinct rarthesocal
scale within an area of 160 km x 160 km, and thedage up to several thousands of kilometers. Mbdels
included in RODOS were selected from among the mangels available as those best able to meet the
operational demands of the system.

Models and Techniques for Health and Environmedtatard Assessment and Management



New Generation of Emergency Response and Real-Time Decision Support Systems 139

sourceterm meteorological on-line it ific dat
pr e-pr ocessor; data (tower, SODAR, <l (taspem 'Ch a
release data prognoses from NWS) (topography)
| ) 1

M eteor ological Preprocessor MPP

preprocessors for met. tower, SODAR, NWS prognoses and
different turbulence parameterisations

| diagnostic flow model

atmospheric dispersion model chain
local scale models far range model MATCH
RIMPUFF and ATSTEP interfacesto other ADMs

Figure 3.3. The local scale model chain and lomgeaatmospheric dispersion model chain.

The local scale model chain comprises the locdesgketeorological Pre-Processor MPP (Ehrhardt, 200
puff dispersion model RIMPUFF (Ehrhardt and Wei8p@, Mikkelsen et al., 1984) and the elongated puff
model ATSTEREhrhardt and Weis, 200Q3ee Fig3.3). MPP provides the local-scale system with alcamd
forecast local scale wind fields and local boundéayer variables by intensive pre-processing of the
meteorological input data; if need be, a diagnoitev model can be used. The state of the atmogpher
turbulence can be characterised by different patensation schemes (Karlsruhe-Julich, Mol, GermgasnEh
modelling (Verlag, 1996)). Estimates of the curr@pud position (diagnosis) are automatically updagvery 10
minutes, the situation after cloud passage (praghasrecalculated typically every 30 minutes.
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Figure 3.4. Example presentation of activity coniions on ground surface.

Weather data and forecasts are provided in re@-tim on-line connections to local meteorologidadervations
(from on-site meteorological towers or SODARSs) da wetwork connections to national or international
meteorological services (NWS). Prognoses of grderd} air, dry and wet deposited concentration$uitiaog
dose rates in half hour steps can be produced erottal scale for the time period, for which forsteal
meteorological data are available.

The applicability to farther distances is mainlyeault of the integrated far range atmosphericatgpn model
MATCH (Langner et al., 1995) with an interface farcessing meteorological data of the Danish fotaoasel
HIRLAM (Gustafsson, 1993). Through its couplingttee near range model chain, a complete model dkain
realised and consistent dispersion calculationpassible from the near range to large distancéseizuropean
scale. However, interfaces exist to other numerwsdther prediction models, such as those fromGbenan
Weather Service (DWD) and the ALADIN (http://wwwremmeteo.fr/aladin/scientific/scientif.html) model.
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The hydrological model chain in RODOS is comprehengRaskob et al.,2004), covering the dispersibn o
material released into and through most aquatigr@mwents (e.g., rivers, reservoirs, lakes, estsartoastal
waters, seas, etc). In addition, transfer to varieater bodies of material deposited from the aphese (e.g., by
run-off from catchments) is modelled. Many modelshe system have different levels of complexity detail,
thus enabling users to choose the most appropmetedepending on the application and the desingulio

Exposure pathways and dose calculations

Exposures from all pathways of potential importaaoe assessed both during and after passage dioactve
cloud (e.g., external irradiation from a radioaeti®ioud, external irradiation from material depediton the
ground and on the skin and clothing, and internadiation from the inhalation of airborne materéid
ingestion of contaminated food).

The transfer of radionuclides from the cloud tadstrial foods as well as the resulting radiatisposure are
modelled in the Terrestrial Food Chain and Dose ied=DMT, which comprises the Food Chain Modules a
the Dose Modules (see Fig. 3.5). Activity concetidgres on soil, plants and other surfaces as inptOMT are
calculated in the Deposition Module DepoM. Activityake by animals is considered using season dkgpén
feeding practices. The products considered in thedFChain Module can be adapted to the specifi@san in
the different parts of Europe; the default lisppodducts presently comprises 21 feedstuffs (17daseplants, 4
based on animal products) and 33 foodstuffs (1@tgleoducts, 16 animal products).

‘ Atmospheric Dispersion Module ‘

{
Module

Hydrological
Terrestrial

nlald'ule_'
Food Chain

Forest Tritium

Aquatic
Food Chain
Module
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and Dose and Dose
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‘ ‘Countermeasure Modules ‘

Figure 3.5. Food chain and dose modules integiatBODOS.

The relatively large number of products resultarfrthe need to reflect properly the diversificatioihplant
species in reality. The estimation of doses isgraréd via all external and internal exposure paylswaf
importance during and after the passage of theoaatlve cloud; the endpoints are collective andviddal
organ doses for people of different ages.

Data assimilation

Another main focus of development was to implendata assimilation methods into the RODOS systenta Da
assimilation in general is the concept of combiningasured data with model predictions for improving
diagnostic and prognostic results. The aim is toainly change from pure model output to a desaiptf the
radiological situation mainly based on monitoringtad and measurements. Particularly, data assiorilas
important for the food chain and dose modules 0DRXS, since output of these modules is the maincgoaf
information for deciding on emergency actions amjtterm countermeasures (see Fig. 3.6).
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Results DA - Models Measurements
o During release:
Activity in air y dose rate

Wet deposition In situ y spectr.

After release:
Deposition to y dose rate
soil and plants In situ y spectr.
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water and fish [« Activity in water
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foodstuffs and foodstuffs
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Figure 3.6. Data assimilation in RODOS.

Data assimilation methods, including uncertaintgdieng, have been developed which are ‘primed’egithith

the concentrations in air or the depositions predicby atmospheric dispersion models, or with food
contamination from the food chain modules, and tgdzeir diagnoses and prognoses as monitoring (daga
gamma dose rates, ground deposition or food conttion) arrive. The times after the cloud has phsse
covered by techniques which allow estimates of amittation and of uncertainties to be made purelythen
basis of databases of radiological monitoring @dea measurements. Uncertainty handling and daiibeg#on
have also been introduced in the river models tdate the predictions of contamination downstream of
measurements made upstream. Theoretical investigagxist for the other parts of the hydrologicaidel
chain.

Prototype real-time data assimilation modules Haeen introduced into RODOS version PV6.0 to imprihee
predictions for deposition onto different types pnts and for foodstuff contamination by assinulatof
measurements. The implementation of data assioilgirocedures in other modules of RODOS, such @seth
for the estimation of atmospheric and aquatic d&pe (see below), foodstuff contamination and atidn
exposure, will be continued in the RODOS versioXs/FD.

Customisation

The transfer of radioactive material to food (bottmmercial and natural) and, subsequently, to mamoidelled
with seasonal variations (e.g., state of crop gnpwaken into account; special tools allow topidalabases to be
used in emergencies, thus improving the predigiweer of the models. Differences in agriculturadgiice and
climatic and soil characteristics are considereddgpting the databases of the models appliedriougregions

in Europe. This makes RODOS a unique tool in a istav®t approach to dose assessment on a multiahtion
level. Comparable models are used to assess egsodtom radioactive material in different aquatic
environments (e.g., drinking water, crop irrigatiéish consumption, etc.). Estimates are made pbsures of
individuals (with average and special habits) dredopulation as a whole.

As the models for food chain transfer have beegimally developed for Central Europe, an import@sk in
connection with the customisation of RODOS for irsether regions of Europe is the adaptation ofrttay
model parameters in the food chain and dose moHDIKIT. The selection of appropriate radioecological
regions, with relatively uniform radioecological rxhitions, is predominantly determined by prevailing
agricultural production regimes, growing periods pdénts, harvesting times, feeding regimes for diiine
animals, human consumption habits, etc. Typicalyountry is subdivided into 1 to 5 such radioegal
regions. Radioecological regions have been defioe€zech Republic, Hungary, Poland, Romania, caré qf
Russia, Slovak Republic, and Ukraine and the ciitlecof the radioecological data has been compléted
large degree.

For several regions in Northern and Eastern Europdn parts of the Alps, an additional specialised
radioecological model has been developed for setiral (forest) pathways, FDMF. It considers trangdf
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radionuclides to mushrooms, berries and game arahtifjes the internal and external exposure from
contaminated forests. After reviewing the preséatus of tritium modelling for emergency responseppses, a
simple module describing the transfer of tritiumotigh foodchains, FDMH, has also been developed.ddse
combination module, DCM, combines results from ¢hassd the FDMT food chain and dose modules.

3.4 Extent and implications of emergency actions and counter measur es

The RODOS system, in a coherent and comprehengpmach, simulates and estimates the timing and the
extent and duration of all countermeasures whichbeimplemented to limit the health and environtipact

of an accident. Intervention strategies adoptedvamious European countries can be implemented. All
information available about the types of interventiisted below have been integrated and synthesizehe
corresponding models and the databases associtktethem:

- sheltering,

- distribution of stable iodine tablets,

— evacuation,

- decontamination of inhabited areas,

— temporary and permanent relocation, plus thesewtrial countermeasures:

— banning foods, which may imply food disposal opstiog food production,

- food processing and storage,

— changes in the feed composition of grazing animidstors for evaluation include the effect of
supplying clean feed for a certain period afterad#on, changes in the proportion of contaminated
feed in the diet, and the use of different feedstuf

— administration of sorbents or boluses,

- soil treatment, such as the addition of fertilizer,

— change of crop varieties or crop species grown,

— change in land use from agriculture to forestry,

- decontamination of agricultural land by plowing awil removal.

The areas of early emergency actions and laterteourasures defined by intervention dose critesia loe
modified by the user via the graphical user intezfand fed back into the system for repeated elouls. This
is of importance particularly in countries with tdg@tions concerning the size or extension of afeashich

measures are to be implemented. For example, fizsedcemergency planning zones and sectors nedestiga
projection of the areas defined by isolines onaséhfixed geometric areas. The same holds for desnthere
decisions on agricultural countermeasures woulg bel taken for areas defined by administrative bdinks

(districts). Software tools for automatically preieg RODOS results for administrative units wié hvailable
in the next RODOS version.

Measures to reduce radioactivity concentrationgréshwater fish and drinking water are also analyke
situations when streams, rivers and lakes have bastaminated. Measures range from changing theasswf
drinking water supply to processing fresh fish pplgting fertilisers to lakes in order to reduce thgake of
radionuclides by fish feeding in these lakes.

The relative merits and disadvantages (e.g., abtédaoses, health risks, costs, effort) of indiadwr
combinations of emergency action and countermeasurde assessed (e.g., sheltering indoors anwtaldine
tablets as against immediate evacuation) and pexbdo those responsible for emergency managentent.
particular, the doses that would potentially beeresd by workers implementing countermeasures aan b
assessed for decontamination in inhabited arelasateon of the population and agricultural coumeasures.

In order to explore the effectiveness of combinaiof agricultural countermeasures, selected caatibims of
two options can also be considered for each foodieler, with the underlying constraint that the baration is
broadly feasible. For decontamination, the effattioe extent and duration of relocation and thedrfeg and
duration of, food restrictions can be consideredthe case of relocation, the implications of ratamn on the
further use of agricultural land in the relocateelsacan be studied.

For agricultural countermeasures, a ‘decision mddes been defined to provide information on a nunadfe
countermeasure options and combinations of thesienspfor a single food to the evaluating subsyst&#m
RODOS to enable countermeasure strategies to bleaded using a wide range of information including
effectiveness, costs, health effects and feagilmitinsiderations.
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A database of technical information on decontanonaand agricultural measures has been compiledderin
RODOS within Europe based largely on experiendevighg the Chernobyl reactor accident in the Ukeaamd
other experimental research. This allows infornratibout the costs of implementation, the manpoeswources
needed, and the quantities of waste produced tcedtenated as well as the effectiveness in reducing
contamination levels in the environment and radratioses to members of the population. Techniogistic
and radio-ecological information pertinent to th@lementation of countermeasures in individual ¢oes has
been collected. This has made it possible to gomsituctive guidance in the use of the RODOS dataloa
countermeasure effectiveness and technical feigifail specific areas of Europe.

3.5 Evaluation of countermeasur e strategies

Whenever there is an option of two or more counéasure strategies, a choice has to be made byngrgency
management team. Evaluation techniques may sufipsitask of the decision maker by proposing thameses
and/or combinations of countermeasures, which eaetipable under the actual or future conditioms] @hich
are ranked by balancing of benefits and effort.

The MAV/UT-based software package, WebHipre (hitwv.hipre.hut.fi/WebHipre), has been integrated in
RODOS to enable users to compare and evaluate eghefits and drawbacks of different countermeasure
strategies (e.g., risks, costs, feasibility, puldicceptance, perceptions, social, psychological pwidical
implications, and preferences or value conceptsdedision-makers, etc). Rules, weights, and preéeren
functions are encoded and applied to a list ofriadtiive countermeasures providing a ranked shoitiis
decision-makers together with the rules and prefme which determined the order of the list. Intait
justifications of choices and underlying uncerti@stnherent in the predictions are also providdt evaluation
software assists users in modifying rules, weights] preferences and other model parameters asawell
exploring the consequences of each change. Thertampe of this exploration cannot be emphasized too
strongly. Any decision support systems helps deoisnakers not bymaking the decision itself, but by
enhancing the decision-makers’ understandiofy the problem, the issues before them, and thelue
judgments. Because of this improved understandivgy, are then better able to make decisions (seeSH).

LIST OF REPORT/
COSTS AND BENEFITS OF MAV/UT RANKING MODULE RANKED LIST
POSSIBLE COUNTER- STRATEGIES BASED ON EXPLANAT 3FE§$FL\IETER>
MEASURE STRATEGIES >
WEB-HIPRE STARTEGIES
=

ATTRIBUTES/

SENSITIVIT WEIGHTS/
ANALYSI$ PREFERENCES/
RULES

DECIS ONM AKER%

)
l

FINAL DECISON

Figure 3.7. Evaluation of countermeasure strategies

The description of the RODOS system was possibke tducourtesy of colleagues from Forschungszentrum,
Karlsruhe (Germany), in particular Wolfgang Raskaob.
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4. The SWAR: Emergency Planning and Response System for Chemical

Plant

The main objective of an on site emergency plarcage of a chemical accident is to minimise consecgs for
people and environment by quick undertaking of appate emergency action. This in turn dependsgtyoon
scenarios of the accident. It is particularly intpat that well-defined duties of particular sergicend co-
ordinator are precisely described. In case of artglwith off-site consequences there is also d oéa co-
operation between local and on site authorities eestue services. Therefore the following groups of
information are essential to account for by anyigien support system supporting decision makingam
emergency:

NoookrwhE

Regulations in force, which constitutes the basigleveloping preparedness plans.

Information about localisation and types of aci#gtin chemical plants.

Potential accident scenarios and their consequdacegople and environment.

Databases containing information on available measforces that can be used in rescue operations.
Rules for proceeding in case of an accident.

Rules to follow up actions.

Diagrams and digital maps.

As a result of these demands the computerisedsySWAR (Borysiewicz and Potempski, 2002) has been
designed to integrate the following elements:

Databases containing information about: sourceBaghrds (materials, objects), employees in pasticul
objects and forces and means to be used in restiomsa These data should be integrated with digita
maps under a GIS system.

Database of basic chemical and physical propedfeshemical substances, important for analysis of
hazards.

Numerical maps of the plant and its vicinity.

Module for collecting information from meteorologicservices and other real-time monitoring systems,
including monitoring of concentration of dangersubstances

Modules for diagnosis and prognosis of accidentnages, which use information from real-time
monitoring systems and/or simulation programs.

Module for visualisation of pollution transport the environment, indicating endangered areas, and f
preparation of reports.

Module for alarming personnel and warning peopldhia vicinity of the plant, and inform appropriate
authorities.

Module for support of co-ordination of the actiomdaexchange of information between groups of rescue
teams.

The computerised system for emergency planning@sgbnse for chemical plant has been designed for:

providing capabilities for computer aided emergeplenning,

providing sufficient means to co-ordinate emergescjons via a computer network,
easily handling diversity of hazardous sources soeharios by: assessing releases (substances and
energy),

predicting dispersion in the environment and agsgEonsequences,
assessing quickly required emergency responseeffprehicles, equipment),
presenting results in a form of text, diagramswiligs and maps,

providing an easy access to the relevant informatia a WWW site,
providing means for training and simulation of aityiation.

Therefore the most important functions of the sys&WVAR relevant for a crisis management can beritest
as follows:

diagnosis and prognosis of emergency (real timénatts of endangered areas, transport in the
environment, potential consequences to people avidoement),

support of emergency response with use of a diggtbhcomputer network,

automating alarming of personnel to be involvednmergency actions,

assisting in action to be taken, by the co-ordamastaff, responders and endangered personnelsdth

of computer network,
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- collecting real time data from chemical meteoratagji hydrological, fire detection and visual monitg
systems, and from measurements of parameters dieirggrthe state of buildings and waste dumps,
- GIS based graphical presentation of data,
- collecting and updating plant specific data (safetyated design, operational and organisational
information),
- generating subject oriented layers of digital maps.
Programs for analysis of accident scenarios imptgatkin the system SWAR cover a variety of emergenc
situations related to possible releases of toxitenas, explosions and fires (solid material fingsol fires etc.).
For completeness the contamination of water boitieslso taken into consideration, particularly @se of
floods.

The system can operate in three main modes (sed.Eig
- administration,
- preparation of emergency plans,
- action.

4.1. Design of the SWAR system

The SWAR system has been designed in order to wotkan optimised decision, for which the followikgy

factors play important role:

(a) accurate information on accident,

(b) proper assessment of current status and progniodévelopment of situation,

(c) proper information on availability of means neededemergency action like rescue teams, techniodl a
medical equipment, means of transport etc.,

(d) reliable and fast communication system betweensdatimakers, persons responsible for management of
crisis situation, rescue teams and people in afteateas.

Administration

Emergency plans

Actions

Database
edition

Scenario
definition

Hazardous

Scenario
adaptation

Hazardous

zones DRSS

Advanced
options

Actions/
tasks

Actions/
tasks

Documen-
tation

Reports

UL
Do

Figure 4.1. Modes of operation of the system SWAR.

The first two elements (a) and (b) are relatedpprapriate monitoring network and models for assesd of
emergency situation. The element (c) is supporieGIis-like systems available at crisis centres. [Bisé factor
(d), however is, to much extent, a question of pragrganisation of decision making process and gemant
during emergency action. It seems also that ofteretare some kind of gaps between items (a)-@)@#n(d) or
may be particularly between (d) and other factoestioned above. Therefore more integrated apprbastbeen
proposed in the SWAR system. It should be also imead that the last element (d) is usually the esakoint
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in the whole system. This is often caused by nearclorganisation and division of responsibilitietvieen
persons engaged in the decision making processnandgement. The problem of communication has alse s
technical aspects. This can be solved by using naoleanced techniques like satellite technologied an
centralised computer communication systems of nemegation, which allows for fast and reliable segdand
receiving messages not only in form of text bubatages or films. It is however interesting, thiae same
communication system can stand as a basis forrattag all elements (a)-(d) of the system. Suctapproach
has been investigated in the SWAR system. The e has been based on design of central messageg, se
which allows for:
— bringing up to date information about current ditbraon numerical maps coming from decision support
and monitoring systems,
- bringing up to date information about current saifiemergency action,
— communication by sending and receiving messagegjes) maps etc.,
— rapid access to all elements of contingency pldefining responsibilities and possible actionshaf t
key actors of the emergency scene.

Thus the central message server plays the keyfoolmtegration of all modules in the system. Tliere the
whole system is composed of (Fig. 4.2.):
- set of tools and functional modules located orstérger,
— graphical user interface,
— central message server with connection to mongosystems, GIS maps and databases, and WWW
server.

It should be stressed that such design makes pedgsibapply distributed and/or parallel computirg, the
SWAR modules can communicate via central messagersas well. Software tools useful for developmeit
the system are based on client-server and objéatted methodologies.

SWAR GUI
SWAR Decision
modules \ / makers
» SWAR GUI
L Central Management of
Monitoring | Message — emergency
Systems \ Server action
SWAR GUI
GIS, Rescue teams
Databases
www .
Samen Public

Figure 4.2. Structure of the SWAR system.

At the current stage of development the SWAR systensists of:

- Databases on: sources of hazards (materials, epjeshployees in particular objects and forces and
means for rescue actions - data integrated wititadligaps under a GIS system.

— Database on basic chemical and physical propetielsemical substances.

— Digital maps of the plant and its vicinity.

— Module for collecting information from meteorologic services, monitoring of concentration of
dangerous substances etc.

- Modules for diagnosis and prognosis of accidennades, with use of information from real-time
monitoring systems and/or simulation programs.

— Module for visualisation of pollution transporttine environment, indicating endangered areas, @and f
preparation of reports.

- Module for alarming personnel and warning peopléhin vicinity of the plant, and inform appropriate
authorities.
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— Module for support of co-ordination of the actiondaexchange of information between groups of
rescue teams based on dedicated protocol.

A specialised unified model for pollutant dispersim atmosphere (UMPDA) has been included into SWAR
system as a module both for scenario calculatioefieergency planning and for supporting emergeasgonse

in real-time. Usage of the central message serews for fast and reliable exchange of data betwat
modules of the system. It means, that on-line metegical data are transferred to the UMPDA moduike
central message server and can be used as ingut Slatilarly emergency zones calculated in the UMPD
model can be automatically sent to Web server andie visible for all user connected to the netwBgdsing

on UMPDA calculations proper decisions importantdmergency action can be undertaken and realidezh

the whole action can be co-ordinated and managied) VAR system like. One of the attractive isssiei
possibility of making analysis of crisis situatias well as preparing proper decisions by groupxpeds by
persons not directly present in emergency centres.

The SWAR system uses digital maps, which can beedtin most popular GIS, like Arcinfo, Maplinfo or
Microstation. However it's possible to add inforioat strictly relevant for supporting emergency @sge. This
includes data on:

— technical equipment for rescue teams,

— organisation structure,

- external forces and means,

— all documents related to emergency preparedness,

— typical scenarios and their possible consequences,

- more detailed description of tasks of rescue testm®d in the form of control lists, which allownsr f

better planning and controlling the situation.

Some of data can be linked to spatial objects. Ehigalised by defining attributes of the relevabject. The
system is flexible as system administrator can @atdonly attributes or objects but also classeshjécts via
their attributes. All these operation can be masiaguiWeb browser. All documents are stored as fited, so
they can be accessed independently of the systevalhs

Summarizing, the SWAR system has been designeatdgrate all key elements in the decision makiraress
via central message server, which enables automatisfer of all data between modules of the systenvell as
provides tool for information exchange and co-oatiion of the emergency action. The new versionhef t
SWAR system allows for more realistic assessmesttotion after accidental release of chemicakturire. A
very promising feature of the system is also suppbemergency response based on network capasijlitthich
makes management of rescue action more effective.

The key advantages of the UMPDA model with respedther typical dispersion models can be sumnaiise
follows:

— a single model for the entire dispersion regimanfrine point of release to the far-field dispersion
including possible rainout and pool re-evaporatidhis eliminates discontinuities and matching
problems;

— a very extensive verification and validation to westhat the model shows the correct behaviour and
produces accurate predictions.

The UMPDA is integrated within the user-friendlydanell-established SWAR computer network basedsieti
support system for emergency response in case @hichl accidents. This enables plotting, linkinghwi
dischargeffire/explosion models, toxic/flammablep&at and risk calculations. The results of UMPDA
calculations can be used in other modules of th&RWYystem both for emergency planning and for sujimmp
emergency response in real-time.

5. The FEMIS: Federal Emergency Management | nformation System

Automation can assist emergency managers in sdaottgsgsponding to the enormous task of implemamti
plans under the pressures of time, risk, and inaategnformation.

The Federal Emergency Management Information Sy&ttiviS) (description of FEMA in this section isdeal
on (http://www.pnl.gov/femis)), developed at theci#la Northwest National Laboratory, USA (PNNL), &n
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automated decision support system that integrditehases of emergency management. FEMIS is uriigtieat

it is planning based. During an actual responsesrgemcy personnel can retrieve and execute plaretect
under non-emergency conditions. FEMIS was spetlificdesigned to support operations in responserno a
accidental chemical agent release and has beendegbéo include capabilities for use with otherdrds.

The system utilizes a client-server platform topsnp multiple users, distributed data, and multipferations
centers. FEMIS uses a UNIX central data servensimdiows-based PC clients.

5.1. Featuresof FEMIS

FEMIS tightly integrates the preparedness, respangigation, and recovery phases of emergency gemant.
During the planning process, planners use hazaatysia modelling, demographic information, and camity

conditions to assess vulnerability. Protectiveacttrategies are developed using emergency infamsuch as
facilities and traffic control points that may bmpacted, as well as other geographic informatiarengrio
datasets allow planners to create as many sepaaat¢ask lists as vulnerability analyses indicat needed.

During response to an actual emergency, the respd@sisions are tracked in the FEMIS navigator.r&ur
hazard analysis, including decisions concerningatened areas and zones at risk, is available.cliirent
community conditions, linked with the planned puotikee action strategies for this hazard situatallow FEMIS
to suggest the best-fitting plan task list to usessponse. After the task list is selected, migltigers can change
status for individual tasks, making an overall isafvailable to all users. Any changes made taabk list
during a response can be saved for analysis argibfmglan improvement.

FEMIS can generate and deliver reports online,gusystem data and graphics such as maps. Hazarsiana
modelling provides output in the form of text refsorstatic graphical reports displayed on the gmupigc
information system (GIS), and the GIS displays atiom over time. Estimates of the population ak ase
provided based on census data and the threatepad a@ard a report of the population and facilitiest tare
potentially at risk can be run.

In daily operations and response, FEMIS enhancesmtmications by replicating current informationveegn
jurisdictions. Decisions and activity informatioreaonveyed several ways:
- Shared reports provide a method to transfer infionabetween individuals and EOCs in free-
formatted text.
- Pre-defined status boards display task statusieshete, evacuees, casualties, and meteorological
information.
- Site-Defined Status Boards let users create asstadard of their own design to be used by their own
jurisdiction or to be shared with other jurisdictio
- User-defined points and polygons allow users toeshaographic information between jurisdictions.

Web Operational Status Boards (Web OSB) are a vaskbébtool that allows emergency managers to igentif
highly dynamic status information and disseminggrapriate information within an EOC, to multipl©Es at a
site, and to users outside the EOC who need to khewnformation (shelters, schools, hospitals).bVGSB
supports "on-the-fly" planning and response adgisitising Site Defined Status Boards or Shared Repo

Users can view, add, or edit Site Defined StatuarB@ontents using a browser. Status board steichsinges
can be made using the FEMIS Site Defined StatusdBDasigner. Both structure and content changesegn
by users when they update their window.

FEMIS exercise mode duplicates its operational tionality and data to allow users to train on thee system
and use the same data they will use in day-to-dagrgency management operations without interrupdeity

operations.

Local, state, and federal emergency management éxpBrts developed the requirements for FEMIS. FEMI
built on a suite of commercial-off-the-shelf (COTS)ftware products, including ArcView and Oracl&éeTU.S.
government provides the hazard analysis model.

The general hazard capabilities have been packated separate product called ERMXANTAGE(Emergency
Management Advantage). This system provides a idecs&ipport architecture that can be directly aaplio a
site's general emergency management needs or exgpémdreate a system for a specific hazard.

Models and Techniques for Health and Environmedtatard Assessment and Management



New Generation of Emergency Response and Real-Time Decision Support Systems 149

EMADVANTAGEHS being used to support EM projects, such as PEM&KEarth Alert.

For PEMEX, EMADVANTAGEwas tailored to support EM activities at oil refires in Mexico. In addition to
making the software bilingual and providing sitesific equipment and chemical databases, the systas
expanded to include several new models. These madelde: toxic release, fire, HF, and Bleve. Himtic
plans were constructed to directly support theydaerations and response activities at the MiaatiRefinery.

For Earth Alert, a National Aeronautics and Spacdmiistration (NASA) project, PNNL expanded
EMADVANTAGE to transfer information and decisions to wirelelsvices called E-Gloves. The E-glove
integrates a PDA (personal digital assistant), les® modem, and global positioning system (GPSicdento a
single unit. This system transfers messages t&tB4ove based on the user’s subscription, suchatotations
of wireless users, weather conditions, traffic ddads, ad-hoc messages, and damage assessmentatifm.

EMADVANTAGEsupports hazard modelling. The architecture imtegr hazard models with GIS displays. It
also assists in making a protective action decisiat is based on the time a potential hazard mpact a
response zone or designated facility. Current nsoohellude heavy gas dispersion, jet fire, pool, fitash fire,
explosion (with overpressure and debris estimatas),water-borne spills.

In order to integrate a new model into ERIXANTAGE we work with the client to identify the modelgthser-
oriented interface needed to provide inputs, hosvrttodel will graphically and textually display résyand
finally how the model will be used in the clieniscision making process.

The result of modelling is a threat area, whichaigeographic region depicting the area that whikli be
impacted by the potential hazard.

EMADVANTAGE'gyeneral hazard component allows a user to loasmiple a model with its architecture by a
direct link to the model from the EMBVANTAGEInterface.

As a result of the modelling integration, EMXANTAGEcan assist the user in identifying the zones and
facilities that are at risk. Risk identificatiorsalincludes identifying sirens, traffic control pts, and other site-
specific elements of emergency management thainacse proximity to the hazard that will be inved in
mitigating the hazard.

Electronic plans are selected based upon the prateaction decisions and the community conditiortse plan
contains the activities and tasks that need to édopned to successfully complete the protectiveoac
decisions. A task within the electronic plan comsageneral information about who in the EOC is oesjble for
the task, what actions need to be done, and whatirees are needed to complete the tasks.

The task can also identify the geographical locatidere the task is to be performed as well agpduple to
contact outside of the EOC. Tasks within a plantmagiven desired start and finish times.

When a task is executed, the actual start and lafitigh times are kept in a log for later revieBome of the
information in the plan can be linked to a task.nylasers can view and work on an electronic plathesame
time.

MADVANTAGE allows an authorized user to make an emergencjard¢ion. An electronic notification
automatically notifies the EOC and other usersidatsf the EOC that are using ENDAVANTAGEabout the
emergency. Depending on how the EOCs operatefuihition can be used as an initial warning systenother

EOCs and personnel.

MADVANTAGEprovides the capability to develop, manage, andktjuaccess information about the facilities,
resources, and personnel needed to support an E@Eigency management activities. This allows eemanyg
managers to identify those agencies, departmemtsparsonnel that are involved in emergency manageat
the EOC as well as in the local community. It aldlows the emergency managers to track facilitied a
resources of specific interest to the EOC. Thermédion management components of EBMANTAGEInclude
but are not limited to:

- Agencies and departments involved in emergency ganant.

— Personnel that are responsible for manning the B@iZor responding to a specific hazard.
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— Personnel residing outside of the EOC that proeghistance to the general public during an emeygenc
such as fire, police, and doctors.

— People in the community that provide resources.

- Facilities that may be effected by the hazard.

— Facilities for which special protective actions aseded, such as hospitals or schools.

- Facilities that are involved in providing resourcasd/or are involved in providing shelter to the
community.

— Traffic Control Points to support emergency respoad

— Sirens to support public alert and notification.

— Meteorological towers to provide real time weatiméormation.

A key component of the EMBVANTAGEarchitecture is to allow a user to quickly accessded information
about a facility, traffic control point, siren, other element of emergency management. This insltlieaccess
and display of information directly from the geaognéc information system (GIS).

Protective action decisions are made by proxingitthe hazard. They can also be based on impact Siteeand
community conditions can also be factored intodéeision making process.

The premise of EMBRVANTAGEIs to provide both the emergency manager and nelggowith quick access to
information. The types of information that can heclly accessed include information about the emecy, the
geographic area at risk, the electronic plan ba@mgemented, the shelters being activated, an¢géwple and
materials being used to respond to the emergency.

To provide such information, EMBVANTAGEprovides predefined status boards and reportseisas single
click access to view map displays. The list of gfeted status boards and maps include but aremibédl to:

- Emergency Declaration status board.

- Electronic Plan status board.

— Casualty status board.

— Evacuees Registration and Reunification statusdhoar

— Shelter Activation status board.

— Meteorological and weather status board.

— Threat and Risk Area reports and/or map displays.

—  Current Status of Other EOCs map display.

— Chemical plume displays.

— Protective Action Decision map displays.

EMADVANTAGEallows EOCs to tailor status boards to fit its @fie needs. This capability has been used
extensively at EOCs and is one of the greateshgtine of the system. User defined status boardsoatain
text, numbers, locations, dates, and other typaafofmation that are named and organized by the. Ukhis
information can be entered and shared between asexell as between EOCs. This capability allowE&¢ to
tailor EMADVANTAGEto fit their specific needs because it is flexibleough that pre-created status boards and
situation reports can be updated "on-the-fly" dgiiam incident in response to the actuality of iheation.

During daily operations or in response to a natarahan-made incident, timely sharing of informatio needed
between:

— emergency operations centers, incident commanergr@nd mobile command centers;

— joint information centers;

— schools, shelters, hospitals and other key puatidifies;

— the general public;

Operations Status Board (OSB) directly supportdithely sharing of information between all of themgponents
of a sites extended emergency response program.HasSBhe ability to add, display, and update dynastatus
information simultaneously at all locations invalviea emergency management.

OSB allows a command center to create its own [@éab site to support information sharing via thetnet.
The OSB designer has been developed to addresstgedata updates from multiple users, notificati@and
rapid implementation issues associated with theedignation of highly dynamic information betweenltipie
users and jurisdictions.
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