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1. INTPQDUCTION 

A preproject, partially funded by the Nordic Council of Ministers, via 
NKA/NKS. has been carried out In the last half of 1986. 

Ulf Tveten, Institute for energy technology, Norway has acted as 
project leader. Dr. Helen ApSlaon, Imperial College, United Kingdom 
and Professor Anton Eliassen, Meteorological Institute of Norway have 
acted as consultants. 

A concentrated effort was put In during the end of September and the 
beginning of October, and resulted In an updated description and pro
ject proposal (dated 3- October 1986). Work perforated since then has 
resulted in the present report, and a further revised version of the 
proposal. The proposal in the version of 3. October included an appen
dix on the technical aspects. The larger part of this was written by 
Helen ApSimon, and it. is used i:> the present report as Chapter 2, 
Technical Aspects. Tne chapter on Aspects of Problea Specification has 
been written later, and is concerned with discussions on alternative 
forms of input data," results and performance measures. Chapter 3 on 
Organisational Aspects in the present report is an expanded and 
updated version of Appendix II in the October version of the proposal. 

In the beginning of October a two-day Nordic meeting with eight parti
cipants was also arranged at the Meteorological Institute of Norway, 
in Oslo. Ideas presented at this meeting are incorporated both in the 
October version of the proposal, the present version of the proposal, 
and in the present report. 

The aims of the preproject have been manyfold. Of primary importance 
has been to draw from the experience of previous participation in 
similar international studies, in anticipating the actual problems of 
formulating calculation problems, and problems in comparing results 
obtained with different models. It has also been one of the tasks of 
the preproject to find out about the interest of potential sponsors 
and participants. And the preproject was expected to draw up a plan 
for conduction of the study. All these aims have been met. 

2. TECHNICAL ASPECTS 

2.1 Types of models in use 

Models available for simulating atmospheric transport and deposition 
of radionuclides released in a nuclear accident vary widely in their 
complexety. They may be divided into broad classes. 

1. At the simplest level "Gaussian plume" models, traditionally used 
for modelling dispersion at short distances, are extrapolated to 
follow longer estimated trajectories across the map area. Empirical 
formulae are used to describe average spreading about these trajec
tories . 
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2. "Lagrangian puff modale treat tha ralaaaa as a sequence of 
pollutant puffa tach of which ta tracked across tha aap araa 
individually, with detection and deposition deterained according 
to assumed meteorological conditions along its path. Such «odels 
are simple yet flexible, but are generally Halted in their treat-
Bent of a fully 3-dlaenslonal wlndfield. 

3. "Eulerian grid" «odels integrate the diffusion equation to 
simulate the dispersal of the release, considering the volume of 
air over the map area divided into a rectangular array of grid 
cells. These models can use 3-dimensional wind fields if suitable 
data exist, but are more complex and can be subject to numerical 
problems such as numerical diffusion. 

4. Alternatively dispersion in 3-dimensional windfields can also'be 
estimated by treating the release as an assembly of particles 
using "Monte-Carlo" or "particle-in-cell" techniques (in the Monte-
Carlo methods each particle is followed independently through series 
of time steps using random walk techniques to simulate turbulent 
displacement relative to advection with mean winds. Particle-in-
cell techniques also follow particles in a series of time step, but 
advection velocities are compounded with effective diffusion velo
cities deduced from the concentration gradients to dilute the cloud. 
These diffusion velocities are determined from the particle densi
ties in different cells of a rectangular grid at any time). Since 
large numbers of particles are required to represent dispersal of 
a radioactive release adequately, such models are again more deman
ding v computer resources than the simpler Lagrangian puff models. 

Apart from calculating air concentrations during passage of the cloud, 
estimation of spatial distributions of deposited actitivty is also 
important. This is a more demanding task and not all models include 
deposition, particularly wet deposition. Ignoring deposition also 
reduces model utility to calculate air concentrations as the air 
packet depletion by deposition during transportation is important in 
this connection. Some models which have been developed for non
radioactive pollutants may not allow for radioactive decay, but are 
potentially suitable for treatment of radioactive releases with fairly 
minimal adjustments. 

2.2 Model intercomparisons and problem specification 

As a first step towards accident consequence assessment, trajectory 
analysis of advection of air parcels from the source can be most 
useful in assessing where and when radioactive material -s likely to 
arrive in different countries. Such trajectories may be estimated in a 
number of ways and may apply to horizontal transport at various fixed 
heights in the atmosphere, or attempt to include vertical motion as 
well. They may be based on forecast or analysed windfields from 
meteorological series, or deduced from pressure fields, or sometimes 
from observed surface wind data. Comparison of trajectories calculated 
by these methods together with sensitivity tests, would be a valuable 
first stage in establishing what proportion of the differences between 
various overall model predictions can be attributed to different 
treatments of the windfield. 
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Apart froa representation of ths various physical processes, model 
output will also depend on certain paraatetrlc values and input data. 
As far as possible the sama values should be used for all the differ
ent «odels in the intercoBparlson study, at least for «ost of the 
calculations undertaken. Thus specifications of deposition velocities 
and washout coefficients for unit rainfall rates should be agreed 
upon. Also, following the additional information froa the USSR, a 
release pattern indicating daily releases of selected nuclides should 
be decided. The release heights should also be specified, to provide a 
well defined release scenario for «odel evaluation. 

2.3 Comparison of model results with observations following Chernobyl 

A set of reliable observations should be selected for direct compari
son with the corresponding predictions from the various models parti
cipating in the project. These observations will be of different types: 

1) Observed times of arrival of enhanced levels of radiation may be 
compared with model predictions for various locations across Europe. 
Such tests can be applied even just with trajectory analysis. 

2) For the key isotopes 1-131 and Cs-137 abundant data are available 
on air concentrations. It is therefore proposed that time sequences of 
such concentrations for these two nuclides should be provided for sel
ected locations in Europe as a standard data set for comparison with 
model estimates of these quantities. These locations will have to be 
carefully chosen to use consistent high quality measurements and 
provide a suitable geographical distribution. 

3) The deposition of Cs-137 is fundamental to the more longterm conse
quences of nuclear power plant accidents such as Chernobyl. Detailed 
measurements are already available of surface deposition of Cs-137 for 
many countries, but they are not always consistent - for example some 
pertaining to soil, and some tu grass or other surfaces. However, it 
is still possible to monitor Cs-137 due to its persistence, and it 
should be feasible to produce an adequate data set on measured deposi
tion of Cs-137 to compare against estimated deposition from the model 
calculations. 

In addition, although not directly comparable with model predictions, 
data on daily precipitation amounts and concentrations in precipita
tion can be most useful in interpreting the pattern of wet deposition. 

2A Phases of work, in general 

PHASE A: IDENTIFICATION OF PARTICIPANTS AND PROBLEM SPECIFICATION 

One objective of this phase is to identify potential participants and 
models and collect information on the models. An international review 
supported by the CEC of modelling activities following Chernobyl will 
provide a useful step towards this. In addition to model types and 
descriptions, details of data requirements (both meteorological and 
radiological), computer resources needed, and quantities customarily 
calculated (with map areas and spatial grids used) will be required. 
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Problem definition of parameter value* end data Input, particularly 
for source term* and release patterns, will require suitable expertise 
and assistance. Similarly selection of the radiological measurements 
to be used for comparison with model results should be coordinated 
with database activities on radiological measurements Including those 
being undertaken by IAEA, EEC and the Nordic Cooperation in Nuclear 
Safety. 

PHASE B: MODEL CALCULATIONS AND INITIAL COMPARISONS 

Following problem definition and pilot calculations with one or two of 
the models, phase B will involve calculations with the participating 
models using the prescribed source terms and parameter values. Results 
produced should be directly comparable with the data set of radiologi
cal measurements to be provided. 

PHASE C: MODIFICATION OF MODELS AND ASSUMPTIONS 

Phase B will probably reveal areas where improvements will be desired, 
partly by modification of current modelling techniques and partly by 
extension to include additional processes such as wet deposition. To 
this end the potential applicability of the models for future nuclear 
accident situations in real time should be kept in view. Further cal
culations and sensitivity analyses may be undertaken to test the value 
of such improvements. 

Final reports on the conclusions reached in the project and the 
implications for modelling the long range transport of poll'itants in 
the atmosphere will be produced at the end of p'lase C. In addition 
reports will be written at the end of phase B, summarising progress 
and results already available. Progress reports will be written at 
regular intervals throughout the study. 

3. ASPECTS OF PROBLEM SPECIFICATION 

Before actual calculations are initiated, it is extremely important to 
have discussed thoroughly numerous aspects of problem specification. 
In several different respects it is possible to choose various levels 
of complexity. This appendix poses a number of relevant questions con
cerning some of these aspects. 

When these aspects shall be discussed throughout the conduction of the 
study, it might be useful to keep in mind the ultimate practical aims: 
In what ways will these models be useful? 

^.1 What shall be reproduced? 

The calculations should yield a result that can relatively directly be 
compared to an environmental observation of some kind. 

Should one try to reproduce the time of arrival of air containing 



5 

radioactive materiala? This sight b« a food first problem. Should one 
also try to reproduce the duration of pasaage? Should one also try to 
reproduce the else and ahapa of the area covered by the radioactive 
plume? 

The next level might be to reproduce the air concentration at ground 
level, but there are also soae data on air concentration at different 
heights. Hill one or the other be the best test? The Integration tie» 
will probably have been predetermined by the manner in which air con
centrations have been measured. 

Reproduction of concentrations in precipitation may be attempted. Is 
this possible and useful? 

The upper level of ambition is probably that of reproducing ground 
concentrations; that is, total deposited radioactivity per unit area. 
If soil samples were collected during the critical period, one might 
try to reproduce deposition as function of time. 

3.2 Reference location 

The first problems ought probably to refer to only one geographical 
location; meaning that the calculations should attempt to reproduce 
the result (arrival time, air concentration or other) at one specific 
location. 

When more locations are brought into the problems, the task will 
rapidly grow in complexity. Radiological data are available all over 
Europe and beyond, and a limit to the number of locations (or count
ries) to be considered must be set. 

3.3 Meteorological data 

It must be determined early in the study what type of meteorological 
data should be part of the problem specifications and what should be 
part of the results to be compared. One extreme is that complete wind 
fields are provided to the participants; the other extreme is that no 
meteorological data whatsoever are included in the problem specifica
tions. Either approach has its advantages. One extreme gives the best 
check on the particular computer programs used; the other on the inte
gral estimation procedure, 

The expertice of the recently formed Expert Group of the Nordic Meteo
rological Institutes will be drawn upon in this connection. 

3.4 Radiological data 

The quality of the radiological data chosen as basis for the study 
must be assured. Data banks for Chernobyl radiological data are under 
development several places; among them at Riso, Denmark to collect the 
Nordic data. This is a project partially funded by the Nordic Council 
of Ministers, via NKA/NKS. Also at Ispra, Italy; a contract from CEC. 

When choice is made of the type of data to be considered, one should 
remember one important advantage of ground concentration type measure
ments: They can still be performed! 
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Also regarding the radiological data it «ay be doubtful whether these 
should be given to the participants as part of the problem specifica
tion. It has been suggested during the discussloi t carried out as part 
of the preproject that the temptation for fitting the calculations to 
the known results may reduce the value of the study. Experience froa 
other international studies has on the other hand shown that partici
pants willingly present evidently incorrect results, in order to bene
fit from the resulting discussions. 

The expertice of the Nordic Expert Group formed under the data bank 
project (AKTU-242) will be drawn upon in connection with choice of 
radiological data to be used in the study. 

3.5 Performance measures 

Selection of useful performance measures may prove to be an important 
problem, and it may turn out in the end that a quantitative comparison 
of the results produced by the different participants will at times be 
impossible. To illustrate: Assume that one participant has managed to 
hit the time of arrival correctly, but the calculated concentration is 
too low. Another participant has the right concentration, but arrival 
time is off by a day. Which solution is best? 

4. ORGANISATIONAL ASPECTS 

The phases of the study, in general terms, have been described in 
Chapter 2-3. It has, however, been proposed, for reasons of effici
ency, to divide the study into two stages, one Nordic and one inter
national. Each of these stages will contain all the different phases. 

fr.l Steps envisaged in carrying out Stage 1 of the study 

The initial actions of Stage 1, namely identification of potential 
Nordic participants, preliminary discussions with these, and estab
lishment of an international group to evaluate the source term, have 
already been carried out as part of the preproject. 

March 1987.' Nomination of Project Leader, Project Secretary, 
and enlistment of four volunteers. 

Also send invitation to potential participants in the Nordic 
countries. Project Leader, Project Secretary and volunteers choose a 
few test problems. 

Hay 1987: First meeting of Nordic participants -

Presentation of test problems and preliminary solutions by the group 
of volunteers. Discussion and final formulation of test problems. 
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Oct. 1967: Second Mating of Nordic participants. 

Presentation of the results. Discussion». Agra—ant upon mannar of 
presenting reaulta from Stage 1. Eventual updating of calculations 
carried out during the following two months. Report published early 
1968. End of Stage 1. 

4.2 Steps envisaged in carrying out Stage 2 of the study 

It is both desirable and probable that Stage 2 will be carried out in 
close coordination with the similar efforts planned by CEC and 
IAEA/WHO. Accordingly the absolute timing of the schedule given in the 
following is somewhat uncertain, while the relative timing of meetings 
and actions should be realistic. 

Nov. 1987: Establishment of Secretariat. 

Invitation of participants. Contracts with Parties. Preliminary formu
lation of a few test problems, and calculations performed by selected 
Project Teams. Selection of group to update the evaluation of source 
term. Preliminary source term evaluation. 

Phase A: 

March 1988: First meeeting of the study. 

Presentation of status of radiological data bases and availability of 
meteorological data. Presentation of results of work in source term 
group. Presentations of models. Discussions leading to formulation jf 
the test problems. 

Phase B: 

August 1988: Second meeting. 

Presentation of preliminary results by Project Teams. Discussion of 
results and observed differences and anomalies. Suggestions for and 
discussion of modifications and extensions of test problems. 

February 1989: Third meeting. 

Presentation of final results by all Project Teams. Discussion of 
results and observed differences and anomalies. A few Project Teams 
will wish to modify their approach and deliver modified results 
immediately after this meeting. 
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Phase C: 

August 1989: Fourth Meting. 

Presentation of Draft version of Final Report froa Phase B. Discussion 
and suggestions for corrections and/or modifications. Presentation of 
new results obtained in calculations carried out after the Third 
meeting. Planning of Conference where the results of Phase B of the 
study will be presented. Discussion of desired modifications of models 
and/or assumptions. 

January 1990: Fifth meeting. 

Presentation of Pinal Report from Phase B. Description of modifica
tions to models and assumptions resulting from the experience gained 
through the study. 

August 1990: Sixth and last meeting. 

Presentation and discussion of Draft version of Concluding Report, 
describing the achievements of the study. The Final version of this 
report will be prepared in the following couple of months by the 
Secretariat, supported by reviews carried out by the Project Teams. 

October 1990: Conference. 

4.3 Organisation of the study 

The study is directed by the Secretariat in conjunction with a Coordi
nating Group, which is drawn from the Project Teams involved in the 
study. 

The Secretariat will have responsibility for organising meetings and 
workshops, disseminating information, including distribution of 
problem specifications, and collecting and collating results from the 
Project Teams. The Secretariat will also have responsibility for the 
production of reports from the study. 

The study will be partly financed from Nordic funds and national funds 
from the Nordic countries. Additional financing will be sought from 
some of the international organisations that could cooperate with / 
cosponsor the study, in particular the CEC. 
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5. RESULTS OP THE FAEPntUBCT 

S.l Technical •attars 

Tha sore detailed results of th* technical discussions in the 
preproject ara contained In tha preceding chapters. 

Soae results of the preproject, regarding Input data to tha study, are 
as follows: 

A) Sourca Ter». 

Upon the initiative of the Norwegian delegate to OECD/NEA/CSNI's 
Principal Working Croup 4, tha Group set up a four-aeatur Task Group 
to evaluate the source tera Information presented by the USSR at the 
Vienna Meting, and to prepara as soon as possible, and at the latest 
before the next meeting (in April) of tha Oroup, a paper pointing out 
Inconsistencies of the Chernobyl source tara data. Tha purposa of this 
task is to provide evaluated input data for long-range atmospheric 
transportation verification studies. The members of the Task Oroup are 
Dr. Peter Clough. UK: Mr. Alain L'Hoaa», France; Dr. Robert Broun, 
Canada and Hr. Ulf Tveten, Norway. A draft report is now available. 

B) Radiological data. 

The task of collecting the radiological data after Chernobyl in a 
Nordic data bank is well under way, as project AKTU-242, with project 
leader Ole Walaod-Larsen, Rise. Since the requirements of the valida
tion study are modest when it cooes to radiological data, 
particularly 
in the proposed first phase, it is not necessary to wait for the 
Nordic data bank to be completed before starting the validation study. 
The data required exists, and can be obtained by personal request from 
the proprietor of the data. 

C) Meteorological data. 

The level at which meteorological data shall be provided to the par
ticipants has not yet been determined, and the final decision upon 
this item should be left to the participants. It has emerged during 
the discussions of the preproject period that there are advantages 
as well as disadvantages to providing complete wind fields to the 
participants. It is clear that if this is done, the study will give 
a better basis for comparison of the individual models. On the other 
hand, preparation of wind fields is an important integral part of a 
predict. .. and a comparison of wind fields prepared by different 
institutes would be very valuable. 
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5.2 Cooper»tton and participation 

Contact haa bean sought and obtained with all potential partlcipanta 
In the Nordic countries, with vary positive response; and also with 
international organisations engaged in or planning related activities. 
In addition to the project proposal which has bean Mentioned earlier 
In this report, and which haa now bean aubaltted to the Nordic Council 
of Ninlaters. an independent, but coordinated, project proposal has 
been aubaltted by Helen ApSison. United Kingdom to the Co—Isaion or 
the European Cpaanini ties• The ideas have also been presented to 
OECD/NEA (Organisation for Econoalc Co-Operation and Development/ 
Nuclear Energy Agency). IAEA (International Atomic Energy Agency). 
WHO (World Meteorological Organisation) and WHO (World Health Organi
sation. OECD/NEA have given their support for this initiative, and it 
has been understood that WHO. IAEA and WHO will be kept Informed, and 
it has been indicated that the results can be made available to them. 

The Interest of international potential participants has been infor
mally investigated via the extensive existing net of personal con
tacts, resulting from decades of active work in this field. 

A pilot study, which will contribute to the planning of the study is 
at present conducted by Helen ApSimon, Imperial College, United King
dom, upon contract from CEC. This includes a review of what modelling 
activities have already been undertaken or are planned following Cher
nobyl. For this purpose questionnaires were distributed in early 1987. 

5.3 Plans for conduction of the study 

Detailed plans for conduction of the two Stages of the study have been 
developed as part of the preproject, and these are described in 
Chapter 't of this report. 
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