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Abstract: JRODOS is a moduladecision support systemtended for use in radiological emergency protection.
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emergencies at nuclear installatiomtere we present the current status of the softwéue,irhplementation in
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INTRODUCTION

JRODOSstands for Java Retime Online DecisiOn Support system and is a modular programme intended
for use in radiological emergency protection. Switzerland has implemented this software as primary
prognosis tool for the impact assessment of radiological emzegeat nuclear installations. As a result,
Switzerland has become a major promoter of this system and has been instrumental in furthering its
developmentThe aim & our contribution to the 1BHARMO Conference is to present the current status

of the sofware, its implementation in Switzerland, and toegan outlook on future developments.

Karlsruhe Institute of Technology (KIT) released a new version of JRODOS in Februarb284d upon

the RODOS User Group decisions on the direction of developroantadvanced requirements, and

requests from other useds May 2017,the’ Up dlat ewas r el e as emdnortougs.Thee medy s on
current version is thud’ ENSllinhpedented2hvergiondhebbt itsar y Upda
operational and tesystemsand it has become the operational service modellxmé 2017

IMPROVEMENTS AND NEW FEATURES

One of the entral improvements of the nexgrsionis the updateto modern dose conversion factors (based

on ICRP109 database vol3.0 and PetoussHensset. al., Phys Med. Biol. 2012; 57: 567%713. This
updaterequired a change in thieatment of daughter nuclides: up to now,dbse conversion factor (DCF)

of a mother nuclide included the contribution from daughter nuglpsitting aratmospheridispersion

model ADM) calculation restricted to mother nuclidé#/ith the update, daughter nuclides are treated
separately anih detail in the ADM for both air concentration and ground depos#fowell as in the dose
calculdion. Furthermorenuclidedependent resuleseonly available fothenuclides selected in the source
termand therefore q@vious versions were unable to provide these results for daughter nuclides unless they
were included in the source term in thetfiptace.To lift this restrictionfor the most important mother
daughter pairg, he source term's nuclide |ist is completed i
Kr-88/RI88, Sr90/Y-90, M0-99/T¢99m, RR106/Ru106, F132/Tel32, Bal37m/Csl37, Bal40/La

140, and Cel44/Prl44m. Additionally, the three chemical forms of lodine amew treated separately
during dose calculationin previous versions, thewere accounted for during dispersidut dose
calculationonly used theéDCF of aerosolodine

The preprocessor for meteorological data has been crucially impravedajorbug in the wind field
interpolationwas fixed andthe GRIB parsingprocess was accelerategpecifically for the ADM model
LASAT, the rain interpolationprocedurewas modified to use only spatial (but no longer temporal)



interpolation thischangeprovides a physically more sensible resitbr LASAT only, the timedependent
airborne nuclide concentration on therticalcalculation level$és now available in the resulst. The three
ADM models RIMPUFF, DIPCOT, and LASAT are now able to consideserdefined particle size
distribution.With the model EmerSim agly emergency actiorend their impact on doses are now possible
up to 48hrs The maximum number of possétradio-ecological regionsn the terrestrial food and dose
module FDMThas been increased significantly to 25, from originally 5

On the GUI part, the changes include a compact presentation of available nuclides forgpeditie

results including sorting functionality and percent
WMS server, and improved performance when rendebig grids.Both calculation kernel and GUI have

been expanded to allowwsrce term@nd meteorological input dataliave up to 1008 intervals (equalling

seven days with 24 hrs of six taminute intervals each)he feature of multiple parallel souréerms,

which was until now restricted to LASAT, has been extended to include RIMPUFF and DIPCOT.
Concerning user administration, the concept of user groups has been introduced as well as the possibility

to transfer a satf startup settings to any numbeif users or user groups

A further important development is the Web Client, which permits access to the JRODOS database via web
browser.Since this is not in service in Switzerland, it will not be further discussed here.

IMPLEMENTATION IN SWITZERLAND

Switzerland has decided to switch t@thBRODOSoftware in 2014s replacement for its ADPIC system

Adaptation to countrgpecific requirements lead to the implementation of the Swiss coordinate system
theimprovement oftie calculation engine to us@ in meteorological data. Furthermore, KIT developed

thesocalled ENSI| ,cpmisd’'sting of five rings with around 30’
user is able to specify both the number of rings and the innermost gritbdetintalresoluion in metres;

starting from the innermost ring outwards, each consecutive ring has half the resijltiteoprevious one.

The vertical resolution is derived from the meteorological input data and cannot be modified by the user.

This grid permitssimulatiors with reasonable resolutiamearthe sourceand at the same timeo to rather

large downwind distanceall within acceptablealculationtime.

A further development of JRODOS focusses on the parallelisation of LASAT and LOPGAM inside
JRODOS. IASAT is the ADM of choice for ENSI and LOPGAM is a submersion model to calculate the
external cloud dose. Both models are parallelised to a large degree themselves, and JRODOS builds on this
feature. Inside JRODOS, each time step regtlimee calculatiosteps: wind field interpolation, dispersion
calculation, and dose calculation. These three steps are running on separate threads and are stacked, with
wind field interpolation always working three time steps ah&dw current configuration assigns 10
calculation threads tthe LASAT call within the dispersion calculation and the LOPGAM call within the

dose calculation

Within the ENSI emergency response organisation’s s
MADUK, the management and visualisatisoftware fole N S ffiXedsdose rateneasurement ringground

Swiss NPPsThis permits the overlay of the current dispersion situation with the current measurement
values. Furthermore, the export of our dose prognosesngrgency respongeartners is ackived via
MADUK. Hourly dispersion simula&ns with a unit source for aluclear installations in Switzerland
(except the zerpower research reactor in Lausannm®nitor system aailability. These calculations are
transferred to MADUK to produce the current dispersion situation GIS layer; in case of an emergency, they
further serve as a first basis figsessinthe geographical area where emergency protection measures may
have to be implemeat. The source term prognosis tool ADAM STEP, which estimates the potential
release for heavy accident scenarios based on PSA level 2 analyses, has been modified tsoproduce
terms in XML format as a direct input to JRODOS.

Concerning hardwar&NSI has three separate server systems: two operational systems and one test system.
All systems are identical in build and configuration, but have separate databases and map servers. This
increases system availabiliywhich is essential for an emergency @sge organisatiofERO)—while at

the same time reducing interdependencies and administbbicerheadMeteorological data is sent from



MeteoSwissvia two separate paths and arrives at ENSI on two distinct sewighsfailover capability

Again, thisincreases system availabilitgince 1June 2017, ENSI uségnovo x3850 X6 Servemwith 4

Intel Xeon E78890 v3 socketsf 18 coresat 2.5 GHz eacha total 0of256 GB RAM, and approx4 TB

memoryWi t h * hyperthreading’ enabl ed, inmieciplapermitimgv er consi
144 parallel thread#\lthough this isquite different from the IBM Power5 system used for its predecessor

ADPIC, the calculation power available ensures ptatde calculation times. What is considered

acceptable for ENSierivesfrom the staff meeting rhythm tie ERQO: typically, these meetings take place

every hourJeaving about 2@nin for input and calculatioof a new simulation.

To test and trim JRODOSs per formance on our hardwarehrs we defin
simulation time with 10nintime step,* i ng of t he ‘' ENeSdlutiog,rasodrte tenm viith 2 5
two parallel emissions of &rs and 14Muclides eacfi. e., all availablenuclides) The new release leads

to runtimes of about 5@ninutes forthis benchmark caseusingt he * ol d’ JROD®OGY standarc
29 nuclides, theuntime reduces to about 1Bin. For comparison, a typical simulation in an emergency

case would consigif 8 hrs simulation timeand usethe set of29 nuclides in the source term (the other

parameters being identicauch an input leads torantime of about @nin, which lies well within the

time frame required in our ERO

CONCLUSION AND FURTHER DEVELOPMENTS

With the release ‘February 201 /relidbledna maturelstatdtsl RODOS ha
modularstructureand i ntuitive GUI , combined with the underly
make it an application uniquely ised for use in aremergency protection context and satisfying high

availability requirements

e
0

Whilst the current state arttie simulation timegresented abovare sufficient for the application within

our emergency organisation, we envision further tbgraents to permit speedier and more versatile
calculations. Thread allocation to processor cores and further parallelisation of the calculation are central
objects of developmen®n one hand, we intend to experiment with the parallelisation capabilitigs
JRODOS, optimising runtimend usethe hardwaré s p a r a Ipdtemtiali Gn athe i other hand,
performing the wind field interpolation fa number otypical grid configurations right after the meteo

data arrives at ENSI could save precious tolneng an emergencyrhis, however, would requirthe
complete decoupling of the meteorological-precessor from JRODOS.



