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Abstract: This paper presents evaluation of the atmosphgigpersion models DIPCOT and RIMPUFF which areoiporated for
operational use in Decision Support Systems foteancemergencies. The evaluation is performed tiirawomparisons of model results
with real-scale measurements of gamma radiatioe dates in air obtained during the routine operatibthe HIFAR Research Reactor
located in Sydney, Australia. The area surroundiggreactor is characterized by moderately comigétaopography and varying land
cover. A total of 16 days have been computationsiliyulated, covering all atmospheric stability citinds. Qualitative and quantitative
model evaluation is carried out, using comparisgfigired in space and time calculated and meagaeuna dose rates, statistical indices,
scatter plots, and contour plots. The models perdioice is satisfactory for a number of cases, vibilethers the performance is poor. This
can be attributed to a number of factors, mainigeutainties in the prediction of meteorological dibions.
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INTRODUCTION

The atmospheric dispersion models DIPCOT (URL 1) BHPUFF (URL 2) are incorporated for operational us¢he
Decision Support System (DSS) RODOS (URL 3) for narclemergencies. RIMPUFF is also used in the DSS ARGOS
(URL 4). The above models provide prognoses of dispe as well as the related gamma radiation do§egcidentally
released radionuclides. In this paper an evaluaiarcise of DIPCOT and RIMPUFF is presented thrazayhparisons of
model-predicted with measured gamma radiation dates in air. Such an evaluation is of particutapartance, given the
potential use of the two models in the decision imglprocess for emergency situations. The expetahetata used in the
evaluation were obtained from real-scale field caigps measuring dose rates due to the routine iemsssf*'Ar from a
research nuclear reactor. The terrain around teewsis moderately complicated, with hills and wallewith varying land
cover. The available measurements were obtainedigduvinter and summer time and covered all atmosphstability
conditions.

METHODOLOGY

Models description

Both DIPCOT and RIMPUFF are Lagrangian puff modets, they simulate the release and dispersion ofatienuclides
by a series of puffs, that are emitted at a panree and are transported by the wind velocitydfighile at the same time
they grow in size due to turbulent diffusion. Comication of nuclides in air and gamma dose rates jgarticular location
and time are calculated by summing the contributiball neighbouring puffs. The differences betwdlea two models are
located in the use of meteorological fields, esbcithe wind velocity field, in the movement ofettpuffs and in the
parameterization of turbulence. The necessary maltapcal data that drive the dispersion are predido DIPCOT and
RIMPUFF by meteorological pre-processing codes thia¢ as input measurements from meteorologicabstat For the
calculations presented in this paper, DIPCOT usedsthnd-alone version of the RODOS MeteorologicalFncessor
(URL 5). This code interpolates spatially in 3 dirsiems the available measurements, uses semi-ealipigtations for
variables not measured and finally uses a diverg@aniaimizing model to calculate a mass-consistetaity field on a 3-
dimensional terrain-following grid. RIMPUFF uses tM&TRODOS Meteorological Pre-processor (also calS&AD) to
obtain finely gridded met-data fields over the aoanterest and to calculate parameters relatingtimospheric stability
from measured meteorological tower data. The wiettl ffor RIMPUFF is generated using an inverse sgudistance
interpolation/extrapolation method, taking orognapind surface roughness into account via a MassigansFlow (MCF)
code (Astrup, 2001). Regarding dispersion, DIPCOTsaaldandom velocity component to the mean wind cpdeits
particles to simulate turbulent diffusion. Both retsl use similarity-scaling methods (although défe) of atmospheric
turbulence and diffusion for the parameterisatibpuffs spread.

Experimental data base

Simulations of*!Ar dispersion released operationally from the HIFRBsearch Reactor located in Sydney, Australia, are
presented in this paper. Specifically 16 differemses are simulated that cover winter and summ@dseof the years 2002
and 2003 and include all the atmospheric stalifityditions. The experimental data base used fomibael calculations and
evaluation include th&'Ar stack emission rate, measured meteorological ffam 2 stations and measured gamma dose
rates from 4 monitoring stations located in a raditt5 km around the reactor. All the above dateeveailable in 15-min
time intervals. The terrain elevation and the lansgler were available on a grid of 25 m resolutionthe area of interest
around the site. Figure 1 shows the computationatain with terrain elevation contours, thér release location, the
meteorological stations and the gamma dose ratzides. The terrain is moderately complicated witts lof about 190m
height and a valley that transverses the domaimr. [@hd cover is varying, including urban (southtgzet), suburban
(central part), woods (along the river) and lowetagjon (north and south-west part) areas.
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The available meteorological measurements inclwded speed, wind direction and temperature at ¢vels of 10 and 49
m for the station MetOO and wind speed and diractib18.5 m for the station MetO1 (Figure 1). Thmaspheric stability
has been determined by the pre-processors for¥aaohin time interval from the temperature gradieetween 10 and 49m
and from the wind speed.
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Figure 1. The computational domain with terrairvateon contours, th&Ar release location, the meteorological stationet@dd, Met01)
and the gamma dose rate detectors (Det9, DetlG7Deet18)

RESULTS AND DISCUSSION

In Figures 2 and 3 model results are presentethtocase that started at 22:15 local time of 1032 lasted for 11h and
45min and for which dose rate data were colleabedetector 16. This was a winter case with stableditions during night
time that later turned to neutral and finally uibi¢athe next morning. Figure 2 presents the caledldose rate for the 15-
min period ending at 01:15 of 11/6/2003, which geaiod with a measured peak of the dose rate. RIMPpredicts a much
narrower, concentrated plume than DIPCOT in thelstabnditions. Figure 3 presents the accumulates dor the total
simulation duration. The dose contours cover aelgrgrt of the domain due to the varying wind digetiwith contours of
DIPCOT spreading wider than RIMPUFF.
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Figure 2: Contour plot of calculated gamma dose oakrlaid on terrain contours for the case of /2DB3 at 01:15 EST; left DIPCOT

(nGy/hr), right RIMPUFF (Gy/hr)
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Figure 3: Contour plot of calculated dose overtaiderrain contours for the time interval 10/6/2023:30 to 11/6/2003 10:15 EST,; left
DIPCOT (nGy), right RIMPUFF (Gy)

In Figures 4 and 5 models results are presentethéocase that started at 21:45 local time of 26/@3, lasted for 2h and
15min and concerned Detector 17. This was a witase with neutral conditions. Figure 4 presenttieulated dose rate
for the 15-min period ending at 23:00 of 26/6/20BBure 5 presents the accumulated dose for thédwhulation duration.

The dose contours reveal that the wind directios vaaying during the simulated period.
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Figure 4: Contour plot of calculated gamma dose oakrlaid on terrain contours for the case of 28083 at 23:00 EST; left DIPCOT
(nGy/hr), right RIMPUFF (Gy/hr)

In Figures 6 and 7 comparisons between measuredadcalated gamma dose rates are presented foasies of 25/7/2003
and 22/6/2003. The timing of the peaks is capttaety well by the models, although in most cas€®PCOT there is an
underestimation of the measured peak values wh&idsBUFF tends to over-predict the maximum peaks.

Quantitative evaluation of the models has beeniedathrough the BOOT software (Chang, J.C and S.Rn&a2005) of
the Model Validation Kit. Observed and calculatexse rate values, paired in space and time, have . A threshold
value of 0.4 nGy/hr of measured dose rate has hdepted, according to the documentation of thecttate used in the field
campaigns. The statistical indices have been atedilseparately for each date of the experimertsuse it was observed
that the models performance varied between caseBalble 1 the statistical indices calculated by B@OT software are
presented. There are 5 cases for DIPCOT (25/7/08/®, 26/6/03, 7/6/03 and 10/6/03) and 6 for RIMFUR5/7/03,
8/11/03, 25/11/02, 15/12/02, 29/11/02 and 7/6/03} satisfy that suggested by the BOOT software mheatation model
acceptance criteria (|[FB|<0.3, FA2>0.5, NMSE<13hould be noted that this acceptance criteribaised on maximum
concentration on arcs (i.e. unpaired in space)nandel performance would be expected to deteri@atamore stringent data
pairing options such as in time and space are Udeste are 7 cases (6/6/03, 14/6/03, 13/6/03, Q3/&/7/03, 13/12/02 and
17/12/02) that none of the 2 models succeed innattathe suggested satisfactory performance. Lapkit the median
values of NMSE, FA2 and FB for all cases, both megeirformance satisfies the above criteria, exttepNMSE value for
RIMPUFF, which indicates a rather high scatter dies. However, the FB value for RIMPUFF is very cldsezero,
indicating no bias in the model’'s predictions. Tasitive FB value of DIPCOT indicates a slight tengjenf under-
prediction by the model.
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Figure 5: Contour plot of calculated dose overtaiderrain contours for the time interval 26/6/2082:30 to 27/6/2003 00:00 EST; left
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Figure 6: Comparison of measured and calculatechgadose rates for the case of 25/7/2003
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Figure 7: Comparison of measured and calculatecgadose rates for the case of 22/6/2003

In Figure 8 scatter plots of model-calculated vensieasured dose rate values are presented. késveld that there is a
large scatter of points for both models. The tengieri underestimation by DIPCOT is more evidenteesgly at the
highest observed dose rates.
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Table 1: Statistical indices for model performanbgained by BOOT software.

Case DIPCOT RIMPUFF
NMSE CORR FA2 FB NMSE CORR FA2 FB

250703 0.46 0.81 0.93 0.28 0.78 0.61 0.73 -0.15
220603 0.46 0.48 0.73 0.07 5.61 0.34 0.64 -0.75
081103 0.69 0.88 0.82 0.37 0.86 0.09 0.82 -0.11
251102 1.52 0.63 0.42 0.71 0.44 0.78 0.75 -0.24
151202 2.10 0.90 0.57 0.81 0.50 0.71 0.86 0.26
060603 1.20 0.45 0.56 0.32 6.29 -0.21 0.44 1.27
140603 0.68 0.51 0.27 -0.46 6.52 -0.13 0.46 0.06
130603 1.34 0.23 0.33 -0.23 9.26 0.03 0.40 -0.39
260603 0.83 0.46 0.50 -0.12 3.61 -0.21 0.13 0.90
170603 4.62 0.13 0.00 1.36 1.42 0.18 0.40 0.84
090703 5.73 0.31 0.00 1.43 4.98 0.05 0.10 1.35
291102 2.16 0.79 0.80 0.30 1.07 0.81 0.80 -0.08
131202 13.11 1.00 0.80 1.26 13.11 1.00 0.80 1.26
171202 1.55 0.89 0.50 0.68 2.30 0.73 0.60 0.83
070603 0.58 0.42 0.51 0.22 0.38 0.60 0.64 0.10
100603 1.06 0.06 0.50 -0.25 3.92 0.01 0.29 -0.48
All 1.48 0.45 0.50 0.17 4.39 0.22 0.53 0.02
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Figure 8: Scatter plot of predicted vs. observedmga dose rates for all cases

SUMMARY AND CONCLUSIONS
An evaluation study has been presented for two spimeric dispersion models, DIPCOT and RIMPUFF, thatath used

in the frames of Decision Support Systems for Narcl&mergencies. The evaluation has been performealigh
computational simulations of 16 real cases of d&ipa of radioactivé*Ar which is routinely released during the operation
of the HIFAR research reactor in Sydney, Australithe meteorological conditions of the cases ctlerentire range of
atmospheric stabilities. The terrain around the isitmoderately complex with hills and valleys, Mtthe land cover varies.
Contour plots of calculated gamma radiation dosesrahd accumulated doses, reveal a similar behrab@ween the two
models. They also show the effects of the changiimgl direction during the simulated periods. Thedels evaluation has
been performed qualitatively through comparisongrefdicted and measured gamma dose rates at a nafbetectors
located in an area of 5km around the site. Tim&shisplots and scatter plots have been employedtHisr purpose.
Quantitative model evaluation has been carriecbgutinning the BOOT software of the Model Validatidit with paired in
space and time calculated and observed gamma dt&se For a number of cases the models performangatisfactory
based on the values of the statistical indiceslenfbr others it is not so. Overall the median ealwf the indices are within
the suggested ranges according the BOOT documemtatith the exception of one value. This is a $ati®ry result
considering the rather strict requirement of pgitioth in space and time that has been imposetiifoevaluation exercise.
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