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1 ARGG

ARGOSs an Information System(IS) for
enhancing Crisis Management for iinc
dents with CBRN releases. The target is
accidents as well as terrorist initiated
events related to CBRN industries, tsan
ports of hazardous materials etARGOS
is a prognostic tool as well as a database
system for collection and presentation of
data relevant foremergenciesn an easily
understandable form.ARGOSacilitates
decision support, improving of situation
awareness and information sharing
amongthe Emergencyesponseorgansa-
tions. As a simulaiin instrument, ARGOS
is also valuable for training of the e-
sponse organisation.

The mission of ARGOS is to support the
emergency organization to make the best

2 Introduction

possible decisions in case @fCBRNnd-
dent. The objectives of ARG@E&:

1
1
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Situation awareness.

Prognosis of how the situation will
evolve.

Calculate consequences of and-
dent.

Decision support for counternas-
ures.

Information to the public.

Followup and evaluation.
Dimensioning of emergency prepa
edness.

Training and exercises

The aiginal intentions with ARGOSvere
to developan ISfor nuclear emergecies
to support the Nuclear Division of the
Danish Emergency ManagemeAgency
(DEMA)in dealing withemergencies &-
lated to accidents in nuclear power plants
(NPP)and other nuclea installations.The
very first version oARGOSvas asimple
UNIXbased system developed by Risg
National Laboratonfor Sustainable fer-
gy, Technical University of Denmgmisg
DTUY. The Danish nuclear authorities used
this vasion during the Chernobylccident
in 1986. INL992,DEMA decided to change
platform for ARGOSo Windows NT and
the cogeration with Prolog Development
Center (PDGpok form.

Even today the most elaborated funatio
alities of ARGOS Ilates to the Nuclear
part, which is the drivingorce for the
other elements.

ARGOSVhitepaper

L ] Gane R

Figurel. Chernobyl accident in 1986

A fundamental feature in ARGOS is the
ability to run, interpret and visualizee¥
sults from atmospheric dispersion ey
els This means that given a basic set of
meteorological data and data about a

CBRN accident, ARGOS can prognostic a

time dependent fallout picture of areas
likely to be contaminated by falloutn4
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cluding air concentrations of relevant-e
ements and contamigtion.

Results are presentedon digital map,
which maybe overlad with orthophotos
and 3D building awstructions. For some
scenariosijt is possible to incorporatéhe
effect of countermeasures in the caleul
tions. The results can easily exported
to other presentation systems or pu
lished.

Anaher fundamental feature irARGO$
the handling ofmonitoring data ARGOS
incorporates thecollecion, managenent
and presenation of monitoring data from
mobile units (vehicle and ikcraft) and
online measiring stations

The Chemical partof ARGOSncludes a
comprehensive databasavith chemical
substances. New models for releases from
containers have been included. These
cover releases of aerosols and liquids as
well as evaporation of spills on the
ground. A special model for dispersion of
heavy gasses alsoincorporated.

Figure2. ARGOS includes models for aerosol
and liquid releases from containers

The Radiological part of ARGOSovers
explosions such aRadiological Dispersal
Devices (RDD oso-called dirty bombs)
and primtive nuclearweapons,so-called
improvised nuclear devices (IND)

ARGOSs an open platformwith models
attachedasloosecoupledmodulesto the
system This construction makes it easy to
adopt new modelsfor enhanement of
the system, andhelps tokeep ARGOSup-
to-date and flexible for usingrodels that
has a preference in individual catuies.
ARGOSntegrates currently with a nun-
ber of external mdels:
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the atmospheric dispersion model
Rime Mesoa Ol £ S t dzFf F
(RIMPUFFfor cdculating localscale
dispersion forecasts,

various longange atmospheric di
persion models running remotely on
meteorological computingentres
GKS aC22R I yR &R@EES a2 Rd:
model for estimating doses in rural

areasthe & ! INR Odzf G deNJ f | 2 dz
mead dzZNB t NP INIF YE sd! DwL/ t 0
the successor for FDM, that includes

cdculating the effects of applying
countermeasures

0KS a9dz2NBLSIFY a2RSftf  F2N
| NBI a¢ develapad under the
EuropeanCommissions Sixth Fram

work programme, for calculatirg

contamination on various surfasin

an urbanenvironment dosesto the

public and the effect of counte

measures

the STRATEGY foeodain counte-

measure model developed under the

European Commissions Fifth Fram

work programme

a RisgDTUdeveloped model for da

culating chemical releasesource

terms from containersbased on a

specifi@ation of the release geometry

and tempeature,

the HeavyGas moded model devé-

oped at RisgDTUfor calculation of

the atmosphericdispersion of heavy

gasses,

the Urban Dispersion ModelURD

developed by RgDTU

a2RST

The ARGOSystem ismaking an intensive
use of GIS to display data on geogramlic
maps.Colours can easily express theneo
centration, contamination, timef-arrival,
trajectories, doses or inhalation etand
isocurves can displaywhere important
thresholds are exceeded The GIS system
can display maps for the whole world and
may include b t t, @aasuring stations
etc. Weather conditions like precipitation
and wind fieldscan bedisplayed on maps
as well

Development oPARGO®as beencontin-
uously ongoingsince 1992 in a close @-
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operation letween DEMA Risg DTland
PDGCand the other ARGOS users

TodayARGO®as become a central part
of the Emergencynanagement in a nua-
ber of countries.

3 Prognoses oAtmosphericDispersion

Atmospheric dispersion IARGO$ dvid-
ed inseveralparts, a short anagnesoscale
dispersion model LSMRIMPUFFa mal-
el for dispersions in urban envime

ment(URD), dispersion of heavy gasesl

coupling to longrange malels: DERMA
(Danish), MLDP (Canada), SNAP (Norway)
and MATCHSweden).

3.1 TheShort RangeModel RIMPUFE

RIMPUFF is the primary short/medium
range model for ARGOS. The Wind Energy
department of the Risg National Laler
tory for Sustainable Energy, Technical
University of Denmark developed this
model based on Start and@/endells co-
cept from 1974. The range of RIMPUFF is
up to many hadred km from the source,
and validation is successful through a
number of experiments. RIMPUFF was
originally developedo be valid for short
distancesup to 30 km.Risg DTWasnow
developed a schemefor parameterisation

of dispesion paameters out to about 300
km from the source.

The big advantage of RIMPUFF compared
to many other similar models is that it
runs fast on a standard Windowsrput-

er - instead of having to rurin a sper-
computer centre.

Figure3. Local scale dispersion: Inhalation
dose

RIMPUFF comprises a meteorologicalpre
processor, which calculates time and
height depemlent fields of meteorological

parameters (deposition, stability, wind
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etc.) bagd on data provided by Weather
prediction models or by meteorological
masts. In the newest versions, 3D wind
fields are calculated, and wet deposition
may be estimated from weather radar
information. Diferent parameterisation
schemes for dpersion paramters may
be used.

.

Figure4. RIMPUFF usesurface height to da
culate the flow.

Based on the meteorological data
RIMPUFF calculates gamma doses (azhal
tion dose, whole body dose etc.), airnzo
centrations and ground deposition.
Standard deposition models are used.
These models are based on particle size.
Presently only one particle size are used
but more will be added. In addition,
RIMPUFF createaggregatedinput data
for FDMand AGRICP

RIMPUFF requires as input the release
points and the start time of the releases.
The source term must be specifiedneo
cerning both material and release rate,
and the current meteoroloigal situation
for the area of interest. There are several
additional parameters; some that ed
scribe the requestedorognosis in more
detail and various grameters for how the
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model should run, but most of these

ARGOS suggests as defauluga.

Figureb. For modelling a heat lift of a release ARGOS timesccalled chimney effecbove $
shown three simulations of the same release situation but with different chimney effect a) with no
chimney effect, b) with 1 MW effect and c) 5 MW effect.

3.1.1 MeteorologicalData

Meteorological data are important to
ARGOShecausethey enable the short
range model to predict how and where a
plume of hazardous gaes and aerosols
will spread. The longrange prognoses
need meteorological data for a much
largerareaand that isthe mainreason for
executing thesemodelsin meteorological
offices (Met-Office)that have all the ne-
essary data available

ARGO&nNnd RIMPUFF can use metelog-
ical data fronthree different sources

3.1.1.1 NWP

The primary operating mode iNWP
(Numerical Weather Rdiction) in which
the userat the emegency management
centre does not haved worry aboutthe
availability ofmeteorological data. In this
mode, a backgroundprogram automat-
cally downloads(a subset of)numerical
weatherforecastdatasets from the Met-
Office Suchforecaststypically covewup to
few daysahead, and the data dowoad
from the Met-Office occurss soon ashe
data become avadable. This means that
the latest meteorological datare always
presentin ARGOSand the prgnosis can
start even i case of a temporarily inte
rupted network cawnection to the Met-
Office

If the meteorological data is stored on the
computer, no netwolk connection is &-
quired at allfor starting a prognosi€ven
based onNWPmodel data the pragnosis
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can run on a laptop in a car without rco
nection to mains or network.

Figure6. Geographical coverages of thpas-
ational versions of the DMHIRLAM numézal
weather pediction model

ARGOScurrently understands meteor
logical datasets in three different formats:
HIRLAM, BUFR and GRIBe BUFR and
GRIB formats are endad by the World
Meteorological Organization (WMO),
http://www.wmo.int, for meteoologi-
cal observational data and griddedwP
model output, espectively.

NWP models covering different regions of
the Earth run in operatioriaschedules at
National Weather Services. Typically, each
six hours pdated model runs are carried
out. In the vertical, the model ranges from
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http://www.wmo.int/

the surfaceup to a height of about 30 km
above groundAn NWP model forecast is
initialised by assimilating theast amount
of available routine meteorological ohse
vations thereby creatin@ so-called am-
lysed model state. Thus, the analysed-m
teorological state is in accordance with
both the NWP model and the metenlog-
ical observations.

As an exampl¢he operaticmal DMI(Dan-
ish Meteorological Institute)version of
the HighResolution Limitedhrea Model
(HIRLAM) runs on three domains, cf. Fig.
5. DMIHIRLAM utilises nesting technique
implying a horizontal resolution ranging
from 15 km over the Arctic (model version
T) and Europe down to 5 km over nort
ern Europe (S) and Greenland (Q).r-Cu
rently, an experimental version gering
Denmark at 1.4 km resolution is studied.

In addition, DMI has access to the global
model developed and operated by the
European Centre for Btiumrange
Weather Forecasts (ECMWF). For a-sub
area of the S version covering Denmark
and surroundings, data are extracted for
ARGOS following update of this model
four times a day. The extracted data are
readily transferred to DEMAhtough a
dedicated elecanmunicatiors line. The
data extraction, as well as the transfer, is
under surveillance by DMI opegors.

HIRLAM/GRIB NWP files contains fields of

data in a number of vertical levels above
G§KS 3aANRdzy R I yR
with dedicated identitation numbersc
cover different gegraphical regions in
suitable resolutions.
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Figure7. ARGOS showing wind fields and rain.

The NWP Import Service automatically
downloads and inserts forecastedimer-
ical weather prediction datainto the
ARGOS%veather database. The Service can
be configured to automatally delete old
data both from the database and from the
disk, at certain intervals. Interesting
weather situations can be flagged for
permanent storage.

3.1.1.2

ARGOSnd RIMPBF can uselata from
meteorological towers or stations. Tiyp
cdly, this includes wind-speed wind-
direction, and temperaturesin one or
more heights.

Met-Towers

Gl Lw[!a I NBFaté

Figure8. Display of MefTowers.

An ARGOSmport srvice inserts special
weather measurements from metowers
into the ARGOSJatabase. These mea
urements are received by a dedicated
email account¢ a Windows MAPI Mail
profile.
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