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PREFACE

This document reports the results of dose calculations from the Chernoby?
reactor accident in April 1986. The calculations were completed in 1987.
The results are now being published to disseminate the information to an
audience of potential users.






SUMMARY

Radioactive material released on April 26 and 27, 1986, as a result of
the Chernobyl nuclear reactor accident was detected throughout eastern and
western Europe. This study's objective was to model the transport path of
material released during April 26 and 27, the first 48 h of the accident.
Since work in this report was completed during May 1986 immediately after the
accident, preliminary information on release conditions and available mete-
orological data were used.

The transport path was determined from trajectories computed using the
Multi-Layer Air Mass (MLAM) meteorological transport model, developed to model
air mass movement on a meso-alpha to synoptic scale. The path traveled was
indicated by displaying the surface footprint resulting from trajectories,
located within 1000 m of surface, passing over an area. Additional information
on transport path is given for material transported above 1000 m.

The trajectory surface footprints predict that the initial release on
April 26, 1986, at 1:23 a.m. LST, moved north-northwest into Finland and Sweden.
The surface footprints compare well with observations of radiocactivity in
FinTand. A front was intercepted in southern Finland causing large-scale
vertical motions and resulting in the plume being transported above 1000 m,
including portions above 3000 m. This prediction was confirmed by aircraft
measurements. Material released later on April 26 also moved northwest
initially but on subsequent transport days remained within 1000 m of the surface
and traveled west over Poland and central Europe. The transport path for
material released on April 27 gradually switched from northwest to south and
thenr southeast, affecting the southern portion of eastern Europe.
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1.0 INTRODUCTION

The objective of this study was to estimate the transport (how and where)
of radicactive material released on April 26 and 27, 1986, during the Chernobyl
nuclear reactor accident. The study was initiated because, although radio-
activity was detected in eastern and western Europe, the data did not provide
a clear understanding of the transport path between Chernobyl and available
measurement sites. Therefore, shortly after the accident occurred this study
was initiated to predict the transfer of material released during the accident's
first 48 hours. The Multi-Layer Air Mass (MLAM) meteorological 3-D transport
mode” was used to compute trajectory paths because MLAM incorporates redistri-
bution of a plume caused by vertical mixing in a multi-layer framework. MLAM
was chosen because the initial analysis of meteorological data indicated that

atmospheric conditions over Europe involved vertical mixing as well as vertical
movement.

A brief description of the MLAM model is given in the next section,
followed by a description of the input data and model assumptions specific to
the Chernobyl application. Then, the model results are presented along with
a limited comparison to observations from Finland. The report concludes with
a discussion of the study results and their limitations and context.






2.0 MLAM MODEL

MLAM is a multi-layer air mass model designed to transport and disperse
a nondepositing tracer in three dimensions over meso-alpha and synoptic scales.
The model is based in part on an earlier model developed by Davis (1983) for
use in acid rain research {Davis and Glantz 1986).

A Lagrangian puff model, MLAM releases puffs at one or more sources and
advects and disperses the puffs in hourly time steps. Transport in three
dimensions is based on gridded fields of potential temperature, winds, and
mixing ratios. Up to nine vertical layers, with depths selectable for each
application, are used to incorporate vertical motion of a puff based on
differences in potential temperature. For this study nine layers were used
(100 to 500, 500 to 1000, 1000 to 1500, 1500 to 2000, 2000 to 2500, 2500 to
3000, 3000 to 4000, 4000 to 5000, and 5000 to 6000 m). During periods of
atmospheric mixing, the model vertically redistributes, in a manner similar
to that described by Draxler and Taylor (1982), the mass of a puff into multiple
layers. The height over which the vertical redistribution occurs is computed
from the maximum daily mixing height with an assumed daily sinusoidal curve.
Redis=ribution for this study may occur twice per day, at 1:00 p.m. and 4:00
p.m. LST, during the first 4 days after a puff release. Although concentration
calcu ations are not included in this study, the model uses standard horizontal
and vertical Gaussian diffusion in conjunction with an air-mass screening
procedure to predict surface concentrations. Air-mass screening uses the
difference between hourly surface potential temperature and the potential

temperature associated with the puff to Timit the physical extent of diffusion
to the surface.


























































































