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INTRODUCTION 
In 1984 the Øresund experiment was carried out with the purpose of investigating the 
perturbations in the wind fie1d and the atmospheric dispersion over a region with cold water and 
warm land surfaces. One of the goals of the experiment was to obtain a data set that can be used 
for verification of mesoscale models in a coastal environment. 
 
Until 1984,  the experimental evaluation of RIMPUFF, the Risø Mesoscale PUFF diffusion 
model, had been restricted to data, representative only of short to medium range diffusion 
conditions. Because mesoscale dispersion is controlled by features and parameters often to be 
neglected on the small or local scale, simple extrapolations into the mesoscale range cannot 
readily be justified, except under very exceptional conditions. Therefore, the Øresund 
experiment provided an excellent opportunity to make a thorough experimental evaluation of the 
mesoscale calculations with RIMPUFF. 
 
More than 15 years have passed since these evaluations of RIMPUFF. During this time 
RIMPUFF has been evaluated against several other experiments. As a result the model has been 
improved in several ways and is now a part of LSMC (Local Scale Model Chain). LSMC is now 
used in the Danish Nuclear Decision Support System ARGOS2000 (Hoe et al., 2000) and in the 
EU DSS RODOS.  
 
In order to confirm the credibility of RIMPUFF and LSMC on mesoscale calculations, it was 
decided to redo the simulations of three of the Øresund experiments using all available data. 
 
THE ØRESUND EXPERIMENT 
The experimental campaign was carried out over the Øresund, the strait between Denmark and 
Sweden.  

 
Figure 1. The Øresund area 
 
The measurement campaign took p1ace during the period 16 May to 14 June 1984. During 4-10 
June a special intensive measuring programme was carried out. From a scientific point of view, 
the Øresund region is well suited for an investigation of dispersion over a land-water-land region 
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as the coastlines on both sides of the strait are rather straight and practically parallel, and the 
land area is fairly flat. The width of the strait is about 20 km. 
 
Several meteorological measurement methods where applied: Doppler sodar, radiosondes, 
tethered ballons etc.. The quatities measured were wind, turbulence, temperature, humidity etc. 
 
The atmospheric dispersion was investigated by carrying out SF6 (sulphurhexafluoride) tracer 
experiments. A total of nine tracer experiments were carried out during the campaign. The tracer 
was released at 95 m height from the meteorological mast at Barsebaeck at easterly winds and at 
115 m from the mast at Gladsakse at westerly winds. Time-averaged tracer concentrations were 
measured at ground level by automatic tracer sampling units. The consecutive tracer samples by 
the various groups were taken in a way such that the total averaging time was l hour. The tracer 
sampling units were positioned in an arc close to the water front, i.e. at positions where the 
plume is not influenced by the land, and in an arc about 2 km inland such that the tracer plume 
had already been influenced by the land. 
 
The results of all measurements (meteorology and tracer) were collected in a computer databank. 
This databank is presently available on a CD. 
 
DISPERSION MODELLING 
The tracer experiments have been modelled by several different models. Risø used the 1984 
version of its puff model, RIMPUFF, for the first simulations. 
 
RIMPUFF  
RIMPUFF (Mikkelsen et al., 1984) is a fast and operational puff diffusion code that is suitable 
for real-time simu lation of puff and plume dispersion during time and space changing meteo-
rology. Also optimized for fast response on a PC this model is provided with a puff splitting 
feature to deal with plume bifurcation and flow divergence due to channelling, slope flow and 
inversion effects in non-uniform terrain. 

 
The stand-alone version of RIMPUFF is driven by wind data from a network of meteorological 
towers. The  mesoscale wind field in the simulation region is then calculated by the method of 
objective wind analysis, i.e. weighted interpolation on a regular grid. 
 
The puff or plume diffusion processes are in RIMPUFF controlled by local turbulence levels, 
either provided directly from on-site measurements, or provided via pre-processor calculations 
(Mikkelsen and Desiato, 1993). The turbulence intensity is introduced in the calculations in the 
form of standard deviations of the lateral and vertical wind direct ion fluctuations, (or 
alternatively, inferred from the Pasquill-Turner scheme).  
 
RIMPUFF is further equipped with standard plume rise formulas, inversion and ground level 
reflections, gamma dose algorithms and wet/dry depletion. 
 
LSMC 
RIMPUFF is part of the Local Scale Model Chain (LSMC) (Mikkelsen et al.,1998). LSMC 
comprises a meteorological pre-processor (pad), which calculates deposition parameters, 
stability parameters and wind fields based on the data provided either by meteorological masts 
or by the Danish HIRLAM model. The HIRLAM data set used consist of data from 13 layers of 
the HIRLAM model. These layers (no. 20 to 31) cover the height interval from 30 to approx 
2000 metres above ground. The data used are: Precipitation intensity, Boundary layer height, 
surface sensible heat flux, surface momentum flux, land cover, surface roughness and wind 
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speed and direction (for all 13 layers). These data are pre-processed and interpolated by pad to 
yield data input fields for RIMPUFF.  
 
The wind fields are interpolated either by the linearized flow model LINCOM or by 1/r2 
weighting. LINCOM is only used close to the source. Wind fields for 3 or more heights are 
provided for RIMPUFF to enable calculations of wind shear.  
 
The stability parameters provided for RIMPUFF pertains to the so-called similarity 
parameterizatio n, which gives a continuous atmospheric stability spectrum. In RIMPUFF the 
stability parameters are further limited for large source distances.  
 
RIMPUFF calculates gamma dose and concentrations. Wind shear is accounted for in RIMPUFF 
by vertical and horizontal splitting of the puffs.  
 
HIRLAM data are not available for 1984. Therefore the simulations of the Øresund exp eriments 
are based only on data from meteorological masts. 
 
SIMULATIONS OF THE EXPERIMENTS  
3 experiments have been selected for the simulations with LSMC/RIMPUFF : June 4 and 5 
where the wind was steady easterly and June 14 where the primarily westerly wind turned about 
30 deg during the experiment. Data (10 min averages) from all masts within the simulation area 
were used. 
 
Results are shown on Figures 2 to 4. Further these figures show the results from the original 
simulations with the 1984 version of RIMPUFF. For all experiment simulations the agreement is 
good between the positions of the measured and calculated plumes. Further there is a substantial 
improvement compared to the earlier simulations. This main cause for this improvement is  the 
use of data from more masts and an improved interpolation scheme for the wind field.  
 
It can also be seen that the width of the simulated plume is in fair agreement with the 
measurements in all experiments.   
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Figure 2. The calculated puff concentration pattern on June 4, 1984 with the sampling arcs 
overlaid (left figure). Coordinates in UTM zone 32. Right figure shows coastal and inland arcs, 
measured and calculated by LSMC and RIMPUFF 1984 respectively. 
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Figure 3. The calculated puff concentration pattern on June 5, 1984 with the sampling arcs 
overlaid (left figure). Coordinates in UTM zone 32. Right figure shows coastal and inland arcs, 
measured and calculated by LSMC and RIMPUFF 1984 respectively. 
 
 

720 725 730 735 740 745 750 755 760 765

Km UTM zone 32

6160

6165

6170

6175

6180

6185

K
m

 U
T

M
 z

o
n

e 
32

Avedoere

Charlottenlund

Margretheholm

Saltholm westSaltholm east

Barsebaeck M3
Barsebaeck Tower

Gladsakse

Oresund, June 14, 1984

Tri- and Penta-furcation

-10 0 10 20-8 -6 -4 -2 2 4 6 8 12 14 16 18
Crosswind Distance [km]

0

40

80

120

20

60

100

140

S
F

6
 c

o
n

ce
n

tr
a

ti
on

 [
n

g
/m

3
]

June 14, 198 4
Coast Measured
Coast Calculated
Inland Measured
Inland Calculated
Coast Old Calculated
Inland Old Calculated

Øresund: June 14, 1984: LSMC Simulations. Pentafurcation

January 9, 2002   
Figure 4. The calculated puff concentration pattern on June 5, 1984 with the sampling arcs 
overlaid (left figure). Coordinates in UTM zone 32. Right figure shows coastal and inland arcs, 
measured and calculated by LSMC and RIMPUFF 1984 respectively. 
 
When comparing the simulated and the actually measured concentrations it is characteristic that 
the agreement, is good, considering the extremely complicated nature of the meteorology in the 
area. Even under such complicated meteorological situations the puff model produces rather 
accurate estimates of the concentration field. 
 
CONCLUSION 
Three of the tracer experiments that were carried out during the Øresund-experiment were 
simulated with the Local Scale Model Chain (LSMC/RIMPUFF) which includes the Risø 
mesoscale puff diffusion model RIMPUFF. The results of the simulation show that 1) the 
location of the actual plume is very well simulated, 2) the width of the plume is well predicted, 
and 3) the concentrations are well predicted. 
 
Compared to the old RIMPUFF the calculated positions and concentrations are considerably 
improved. There is less difference in calculated plume width, considering that the use of 
similarity sigmas tend to yield narrower plumes than Pasquill-Gifford sigma’s. 
 
REFERENCES 
Gryning, S.E., 1987: The Øresund - Experiment, A Nordic Mesoscale Dis persion Experiment. 

Proc.  of the Second NORDFORSK Workshop on the Øresund Experiment. Uppsala, 
Sweden, 13-14 October 1987, 7-10. Obtainable from Risø National Laboratory. 

 
 



8th Int. Conf. on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes 
______________________________________________________________________________________ 

- 102 - 

Hoe, S.; Müller, H.; Thykier-Nielsen, S., 2000: Integration of dispersion and radio ecological 
modelling in ARGOS NT. In: Proceedings. IRPA-10. 10. International Congress of the 
International Radiation Protection Association, Hiroshima (JP), 14-19 May 2000. 
(IRPA-10 Secretariat Office, Tokyo, 2000) CD-ROM paper P-11-288. 

Mikkelsen, T.; Desiato, F. , 1993: Atmospheric dispersion models and pre-processing of 
meteorological data for real-time application. Workshop on decision making support 
for off-site emergency management, Bavaria (DE), 25-30 Oct 1992. Radiat. Prot. 
Dosim. (1993) 50 , 205-218 

Mikkelsen T., Larsen S., and Thykier-Nielsen S., 1984: Description of the Risø Puff Diffusion 
Model. NuclearTechnology, Vol. 67, 56-65. 

Mikkelsen, T., Thykier-Nielsen, S., Astrup, P., Santabárbara, J.M., Havskov Sørensen, J., 
Rasmussen, A., Deme, S., Martens, R.,1998: An operational real-time model chain for 
flow- and forecasting of radioactive atmospheric releases on the local scale. In: Air 
pollution modelling and its application 12. 22. NATO/CCMS international technical 
meeting, Clermont-Ferrand (FR), 2-6 Jun 1997. Gryning, S. -E.; Chaumerliac, N. 
(eds.), (Plenum Press, New York, 1998) (NATO Challenges of Modern Society, 22) pp. 
501-508.] 

Thykier-Nielsen, S., Gryning, S.E., Mortensen, N.G. and Mikkelsen, T., 1987: Simulation  of 
Tracer Releases with the Risø Mesoscale Diffusion Model. Proceedings of the First 
NORDFORSK Workshop on the Øresund Experiment. Copenhagen, Denmark, 8-9 
October 1986, 161-172. Obtainable from Risø National Laboratory. 

Thykier-Nielsen, S., Gryning, S.E. and Mikkelsen, T., 1987: Simulation  of the Øresund-Experi-
ment Tracer Releases with the Risø Mesoscale Puff Diffusion Model. Proceedings from 
Workshop II on the Øre sund Experiment. Nordforsk, Up psala, Sweden, October 13-
14th, 1987. 

 


