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0OECD

In 1948, the United States offered Marshall Plan aid to Europe,
provided the war-torn European countries worked together for their own
recovery. This they did in the Organisation for European Economic
Co-operation (OEEC).

In 1960, Europe’s fortunes had been restored; her standard of living
vas higher than ever before. On both sides of the Atlantic the
interdependence of the industralised couniries of the Western World was now
widely recognised. Canada and the United States joined the European countries
of the OEEC to create a new organisation, the Organisation for Economic
Co-operation and Development. The Convention establishing the OECD was
signed in Paris on 14th December 1960.

Pursuant to article 1 of the Convention, which came into force on 30th
September 1961, the Organisation for Economic Co-operation and development
shall promote policies designed:

-~ to achieve the highest sustainable economic growth and employment
and a rising standard of living in Member countries, while
maintaining financial stability, and this to contribute to the
development of the world economy;

-- to contribute to sound economic expansion in Member as well as
non-member countries in the process of economic development; and

~-— to contribute to the expansion of world trade on a multilateral,
non-discriminatory basis in accordance with international
obligations.

The original Signatories of the Convention were Austria, Belgium,
Canada, Denmark, France, the Federal Republic of Germany, Greece, Iceland,
Ireland, Italy, Luxembourg, the Netherlands, Norvay, Portugal, Spain, Sweden,
Switzerland, Turkey, the Unided Kingdom and the United States. The following
countries acceded subsequently to the Convention (the dates are those on which
the instruments of accession wvere deposited): Japan (28th April 1964),
Finland (28th January 1969), Australia (7th June 1971) and New Zealand (29th
May 1973).

The Socialist Federal Republic of Yugoslavia takes part in certain work
of the OECD (agreement of 28th October 1961).
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NEA

The OECD Nuclear Energy Agency (NEA) was established on 20th April
1972, replacing OECD’'s European Nuclear Energy Agency (ENEA, established on
20th December 1957) on the adhesion of Japan as a full member.

NEA nov groups all the European Member countries of OECD and Australia,
Canada, Japan and the United States. The Commission of the European
Communities takes part in the work of the Agency.

The primary objectives of NEA are to promote co-operation between its
Member governments on the safety and regulatory aspects of nuclear
development, and on assessing the future role of nuclear energy as a
contributor to economic progress.

This is achieved by:

-- encouraging harmonisation of governments’ regulatory policies and
practices in the nuclear field, with particular reference to the
safety of nuclear installations, protection of man against ionising
radiation and preservation of the environment, radioactive waste
management, and nuclear third party liability and insurance;

-- keeping under review the technical and economic characteristics of
nuclear power growth and of the nuclear fuel cycle, and assessing
demand and supply for the different phases of the nuclear pover to
overall energy demand;

-- developing exchanges of scientific and technical information on
nuclear energy, particulary through participation in common services;

-- setting up international research and development programmes and
undertakings jointly organised and operated by OECD countries.

In these and related tasks, NEA works in close collaboration with the
International Atomic Energy Agency in Vienna, with which it has concluded a
Co-operation Agreement, as well as with other international organisations
in the nuclear field.
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CSNI

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an
international committee made up of scientists and engineers. It was set up in
1973 to develop and coordinate the activities of the Nuclear Energy Agency
concerning the technical aspects of the design, construction and operation of
nuclear installations insofar as they affect the safety of such installations.
The Committee’s purpose is to foster international co-operation in nuclear
safety amongst the OECD Member countries.

CSNI constitutes a forum for the exchange of technical information and
for collaboration between organisations which can contribute, from their
respective backgrounds in research, development, engineering or regulation, to
these activities and to the definition of its programme of work. It also
reviews the state of knowledge on selected topics of nuclear safety technology
and safety assessment, including operating experience. It initiates and
conducts programmes identified by these reviews and assessments in order to
overcome discrepancies, develop improvements and reach international consensus
on technical issues of common interest. It promotes the coordination of work
in different Member countries including the establishment of co-operative
research projects and international standard problems, and assists in the
feedback of the results to participating organisations. Full use is also made
of traditional methods of co-operation, such as information exchanges,
establishment of working groups, and organisation of conferences and
specialist meeting.

The greater part of CSNI’s current programme of work is concerned with
safety technology of water reactors. The principal areas covered are
operating experience and the human factor, reactor coolant system behaviour,
various aspects of reactor component integrity, the phenomenology of
radioactive releases in reactor accidents and their confinement, containment
performance, risk assessment, and severe accidents. The Committee also
studies the safety of the fuel cycle, conducts periodic surveys of reactor
safety research programmes and operates an international mechanism for
exchanging reports on nuclear power plant incidents.

In implementing its programme CSNI establishes co-operative mechanisms
with NEA’s Committee on Nuclear Regulatory Activities (CNRA), responsible for
the activities of the Agency concerning the regulation, licensing and
inspection of nuclear installations with regard to safety. It also
co-operates with NEA’'s Committee on Radiation Protection and Public Health and
NEA’s Radioactive Waste Management Committee on matters of common interest.
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Summary
A. L’Homme, Chairman

CSNI Principal Working Group on Confinement of Accidental Radioactive Releases

(PVG4)

This report reviews computerised emergency response assisting systems
in the event of a nuclear crisis, which back up the actions to be taken to
protect the public and the environment. The systems chiefly consist of rapid
calculation models defining dose fields on the basis of meteorological data
and measurements of radioactive releases beyond the installation affected by
the accident.

First the problem to be dealt with is defined. The different ways in
vhich the problem has been handled are then reviewed for the countries which
responded to the questionnaire on which the report is based.

The main conclusions of the review are as follows:

-- the most efficient approach is the application of the hierarchy of
models with increasing complexity: the most complex models give the
most precise responses but require far more data, expertise and time;

-- it is essential for users of the assessment systems to be aware of
the uncertainty of results; the uncertainty can easily amount to an
order of magnitude;

-- the systems must not only make predictions but must also leave room
for adjustment by means of observations;

-- meteorological forecasts are fundamental;
-- it is clear that the different systems have not yet reached their

final development stage: international exchanges should bring us
closer to this target.







1. TERMS OF REFERENCE

Principal Working Group 4 of the Committee on the Safety of Nuclear
Installations (CSNI), which was set up by the OECD Nuclear Energy Agency, is
an expert group on Source Term and Environmental Consequences of nuclear
accidents. At its meeting on 8 and 9 October 1986, the Working Group asked one
of its subgroups, GRECA (Group of Experts on Accident Consequences), to
conduct an "investigation of the value of real-time (and simplified) models
for emergency consequence assessments, and of related issues". *

2. DEFINITIONS

The term "real-time" system is currently applied to any quick assessment
system to be used in an emergency situation. Fig. 1 shows some definitions of
terms used in this report. It was decided to consider "real-time systems and
related issues" as "Emergency Response Assisting Systems" as defined by Fig. 1.

REAL—-TIME

Time needed to make output
available < minimum required

input updating period.

[ ON-LINE |

Data acquisition and output

generation without human

intervention.

[__ERAS |

Preplanned procedure to assist

emergency decision makers.

Fig. 1 : Definitions in the area of reai—time systems.

* Since 1986, the mandate of PWG4 has been somewhat modified; the current
name of the Group is Principal Working Group (No. 4) on the Confinement of
Accidental Radioactive Releases.
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3. EMERGENCY RESPONSE ASSISTING SYSTEMS : PURPOSE AND GENERAL STRUCTURE

The structure of an emergency response organization can be modelled by three
interacting levels as indicated in Fig. 2.

EMERGENCY RESPONSE STRUCTURE

DO - LEVEL

Py

DECISION — LEVEL

Py

ASSESSMENT - LEVEL

Fig. 2 : Emergency response structure.

ERAS should be considered as the "procedure" of the Assessment Level. The
general purpose of ERAS is to optimize the functioning of the Do-levels, i.e.
"to mitigate consequences of radioactive releases in accordance with the basic
principles of radiation protection, by informing the decision levels on the
potential impact of the releases to the environment".

In practice this is achieved mainly by:

-- defining affected areas

- comparing potential doses to the public and environmental
concentrations with given Emergency Reference Levels of Dose (ERL) and
Derived Emergency Reference Levels.

Additional objectives of the ERAS might be:

—-— to assist the optimization of an environmental survey programme

- to obtain information about the socio-economic implications of
countermeasures

-— to process environmental measurements.
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The generic structure of ERAS is shown in Fig. 3.

FIXED VARIABLE
DATA DATA
INSTALLATIO ELEAS|
| ASSESSMENT RELEASE
SITE "| PROCEDURE METEO

ASSESSOR| |REPORTER

Fig.3 : Generic structure of ERAS.

It is essential for the assessor to use the ERAS by combining the accident-
and moment-related information (variable data, e.g. release data,
meteorological conditions, environmental measurements «..) with the
information that is not dependent on the accident scenario, nor on the moment
of the event (fixed data e.g. plant specifications, site description,
emergency reference levels, dose factors, ...). These data are processed by
different models to obtain a "report" answering the questions of the assessor.
The quality of the answer will depend on the availability of data and on the
suitability of the models used.

ERAS differ according to the data accessible and the models applied. On this
basis the applicability of a specific system can be limited by:

- the kind of releases (installations)

- the complexity of the terrain

- the complexity of the meteorological conditions
- the source-to-receptor distance

- the considered exposure pathways .
- the ability to forecast or to use forecasted data.
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4. SUMMARY OF MODELS AND ASSOCIATED INPUT DATA

4.1 Assessment of the release

A source term is characterized by:

- the release rate (Bq/s) of each radionuclide in the effluent;

- the characteristics at the point of release (height, diameter, efflux
velocity);

- the physical and chemical status of the release (heat content,
particle size, chemical forms,...).

It is obvious that all these data will only be exceptionally available
in case of an accidental release.

Even the radioactive content of the effluents will mostly be unknown.
A set of information data, which can be made available, either on- or off-line
to the ERAS may however be used to model a best estimate of the source term
characteristics.

This information relies on:

- radiological as well as non-radiological monitoring in the plant,
indicating’ the status of the safety barriers, and, in some cases, the
radioactive inventory of some compartments, located on the actual or
potential release pathway;

- direct or indirect monitoring of the effluent activity (e.g. result of
gamma-spectrometry on samples);

- off-site monitoring.

Besides the interpretation of effluent monitoring as such, three kinds
of model may intervene in this analysis:

- a scenario-analysis model, relating in-plant observable data to a best
estimate of the transported radionuclides;

- a model calculating the core inventory, based on reactor history and
cooling times;

- a model relating off-site gamma-dose rate readings to the
photon-energy release rate and height of release.

These models are not necessarily implemented on a single computer. A
common procedure is e.g. to evaluate the accident scenario on the basis of
professional judgement, possibly with guidance from a kind of expert system.
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The assessed release fractions for the main physico-chemical groups
can then be manually introduced to calculate the release in activity-units by
a core inventory-model.

The indication of simple gamma-exposure rate meters (e.g.
gamma-monitoring at the stack, a ring of fence-monitors) can be an excellent
tracer for the time behaviour of the release. The relative release units
obtained by this technique can be converted to absolute units e.g. by off-line
analysis of samples.

A typical procedure to assess potential and actual releases in shown
in Fig. 4.

4.2 Assessment of off-site airborne concentrations and ground deposition
rates

4.2.1 Introduction

It is beyond the scope of this document to give a complete description
of dispersion modelling. Only some qualitative indications are given about
the wvay phenomena are modelled, with emphasis on some points of special
importance for evaluations during release.

The main issues relevant to real time dispersion modelling are:
- the dispersion model (advection - diffusion);
- the plume rise;
- the deposition related phenomena.

Modelling performance obviously depends on the availability of
meteorological data. Applicability of the model is highly dependent on its
reliability.

4.2.2 Dispersion model

Dispersion models can be roughly classified into short-range and
long-range models.

Short-range models (up to about 30 km) are more concerned with spatial
features and the local weather conditions within the area, and require small
spatial and temporal discretisation.

Long-range models are more concerned with the time-dependence of
concentrations and deposition rates, depletion of the plume, and changing
meteorological conditions with time and distance.

The main difference between the existing short-range models is related
to the temporal and spatial variability of wind vectors and atmospheric
turbulence.

The most common straightline gaussian models assume the wind vectors
and turbulence to remain constant over the whole transport time. Gaussian
puff-models can update the wind vectors or the wind vector and the turbulence
during transport, but do not allow spatial variability for a given time
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Before Release
Scenario Real Time " Potential
Identification Inventory Releases
I I

After Release

Time behaviour

selected monitor

indicated by a ™

Laboratory analysis
of effluent samples
available ?

Composition as
observed

|

!

I

Composition as
calculated before
relegse

B

Fig. 4 : Example procedure for relegse assessment.

(1 :

information input)




interval. Spatial and temporal variations can be treated by numerical models,
solving the general advection-diffusion equation or by Lagrangian Models,
following the turbulent movement of a large number of particles. However
methods need realistic spatial boundary conditions and the development of
three-dimensional windfield and turbulence fields.

The quality of those spatial distributions depends on the availability
of meteorological data observed at a mumber of points in the horizontal plane
and compatible with the complexity of the terrain. The applicability of
numerical models for short-distance real-time analysis depends on the
dimension of the steps of the calculation grid and the need for computer time.

It is still questionable whether complex models are more reliable than
well chosen simple models in a non-complex terrain, and whether complex models
in complex terrain, running with the normally available meteorological data,
are of reasonable robustness.

Complex models mostly require a more professional judgement to be
applied, making them less attractive for on-line or real-time systems.

The present state of the art seems to indicate that gaussian
puff-models, able to handle variable releases, are most suitable for
short-range real-time assessments if the terrain is not too complex. For more
complex terrains the first assessment should be checked by the application of
a more complex model, hence some delay in producing the report.

Long-range evaluations operating in real-time put the main emphasis on
reliable prediction of the time of arrival of the edge of the plume at a given
area. The most simple models are trajectory models, fed by a large number of
traditional meteorological observations available with a time-step of some
hours.

It is essential to consider the variation of trajectories with height.
The prediction of actual concentrations and deposition rates can be done by a
set of models of different complexities. The reliability of the models is
mostly governed by the availability of meteorological data, discretisation in
time and space (horizontally and vertically) and the handling of wet
deposition. The performance of long-range dispersion models is now
well-established since models can be validated with the Chernobyl observations.

Some systems use several models, so as to increase predictive capacity
vith time, e.g. a simple gaussian model is applied for the first short-range
assessment, followed by a more complex model to allow the consideration of
local disruptions of the terrain. Meanwhile meteorological data for a
regional grid of about 100 km are collected, to generate a windfield and
predict medium-range concentrations. Finally a long-range assessment is made,
using meteorological data on a continental basis.




4.5 Comparison of predicted and observed environmental concentrations

Environmental concentrations can be obtained by model prediction or by
environmental survey. Obviously both approaches are complementary. As a rule
models are assumed to support decisions during the early phase, measurements
taking over as soon as a sufficient number of results become available. The
handling of environmental data by an ERAS allows organised confrontation of
observed and calculated data. Differences between the two approaches can be
used to adjust uncertain model inputs (e.g. source term, wind direction, plume
rise, deposition parameters) and to optimize the environmental survey
programme. The coordinated combination of both sources of information can
accelerate the process, leading to a robust description of the environmental
contamination.

This procedure is well-known by most of the users, but has yet to be
framed by an organized procedure.

5. GENERIC QUANTIFICATION OF UNCERTAINTIES

To evaluate the applicability and the quality of ERAS, an attempt has
been made to quantify the uncertainties, at least in the most simple
conditions. The uncertainty on the prediction of the maximum concentration at
ground level in the most simple situation (i.e. non-complex terrain, effective
height of release known, availability of a validated model for the concerned
site, availability of suitable meteorological data) is assessed at a factor 3,
based on tracer experiments. This means that the real maximum concentration
is expected to be in the range of a factor of 10 around the predicted value.
The same reliability is expected at distances beyond the point of maximum
exposure in a sector to about 1 sigma , out of the plume axis. It is assumed
that the real position of the plume axis is known. As stated earlier this
position can deviate by some degrees from the position indicated by the
meteorological tower. The calculation of the effective height increases this
uncertainty with a relative error equal to a factor of 3, in the case of a
moderate plume rise (e.g. < 200 m) and a factor of 10 in the case of a high
plume rise (>200 m).

In normal atmospheric conditions without rain, another factor of 3 can
be assigned to the deposition model. In dry or unusual meteorolegical
conditions (e.g. fog, highly unstable conditions) or in the event of rain,
this factor is increased to 10. All these factors are to be statistically
combined. The resulting uncertainties are summarized in Table 1.

The uncertainty of assessments in complex terrain is not quantified, because
it can vary between the levels indicated for simple models and infinity
depending on the complexity of the terrain, the choice of the model and the
availability of meteorological data. The uncertainties mentioned in Table 1
should be combined with the uncertainty on the release characteristics.




For Accident Consequence Assessment for the purpose of Probabilistic
Risk Assessment, these effects are mostly cancelled out, provided the
deposition parameters are selected according to the physico-chemical form of
the airborne concentration and the roughness of the surface.

Real-time assessments using the same approach, as in current models,
can easily be wrong by one order of magnitude. On the other hand, deposition
rates due to the same airborne concentration can vary considerably over short
distances, thereby inducing local heterogeneities (as observed subsequent to
the Chernogbyl releases).

4.3 Dose assessment models

ERAS predict mostly only doses for the pathways relevant to the early
phase of emergency response i.e.: exposure to the plume and inhalation.
Exposure to deposits is only considered in about 50% of the systems. Some
models include also a prediction of potential doses due to food consumption.
On-line applications of a dynamic terrestrial transfer model, predicting
time-dependent concentrations in milk for instance, are not foreseen. The
calculated concentrations are directly compared with reference levels for
emergency actions. For this purpose, currently realistic doses in the open
air are considered.

Although dose assessment models are mostly reduced to a simple matrix
of dose factors, some problems can even so disrupt the application of this
module. The main ones relate to:

- the integration time of calculated doses. This problem may arise in
the comparison of environmental survey results with calculated dose
rates or concentrations, or in the evaluation of internal
contamination, where decision can be based on acute dose or on 50
year-committed dose equivalents;

-— the representativeness of best-estimate or conservative assumptions
for the real local and actual situation (e.g. dose reduction factors
for shielding, concentrations inside houses,...).

The dose factors are nuclide-specific or relate to typical mixtures of
radionuclides. An ERAS system should be able to adapt its generic dose
factors in regard to information data/or isotopic composition introduced after
the first results of lab-spectrometry have come in.

Since Chernobyl, research has been conducted on how to extend current
assessment models with an expert system giving guidance in emergency actions
on the basis of cost-benefit evaluations in which the environment is
considered as assessed by calculation or measurement.

4.4 Use of environmental monitoring data

Some ERAS can be used to optimize the handling and interpretation of
environmental monitoring data. The minimum function of ERAS in this field is
that of keeping account. In some systems, mostly dedicated to that function,
the environmental contamination at any point over a given time period can be
estimated by interpolation or extrapolation of available monitoring data,
using models or fitting procedures.
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4.2.3. Plume rise

The plume of effluents can rise significantly higher than the point of
release before it behaves as described by the advection-diffusion equation.
The plume rise is determined by the vertical velocity and the heat content of
the escaping plume. Knowledge of the plume rise is very important to locate
the point of maximum exposure and the related concentrations. Plume rises are
relatively well predicted for release characteristics similar to those
associated with industrial releases (plume rises < 100 m). In the case of
severe reactor accidents, however, the high heat content can cause a rise of
over several hundreds of metres (e.g. the Chernobyl release). The predicted
plume rise is affected by a large uncertainty due to the lack of robustness of
the model as well by the inadequate input data.

Models, including those for use during emergency response, mostly
apply a best-estimate approach. One should however be aware that the
uncertainty of predicted concentrations is significantly higher in the region
between the source and the distance at which the maximum exposure might happen
in the case of an upper bound-plume rise, than at further distances away.

This becomes very important, when real survey results are compared with their
calculated equivalents. A deviation, due to a wrong estimate of the plume
rise, might be assigned to a wrong release assessment, possibly leading in the
next step of the assessment to an underestimation of concentrations at longer
distance, which might be not known by direct measurement.

It seems necessary to look carefully at the way calculated (near-by)
concentrations should be used in emergency response in case of a potential
high plume rise.

Not only is the prediction of the final height of the plume important,
but the description of the phenomena dominating the first period after the
plume has escaped (condensation, deposition of large particules, ..) is also
rather uncertain.

4.2.4 Degosition

The deposition processes are currently modelled in a rather
simplistic way in consequence assessment by introducing a dry deposition
velocity (ratio of deposition rate to airborne concentrations at 1 m above the
suface) and a wash-out coefficient (decay rate of airborne activity due to
rain scrubbing).

These parameters are specified for a limited number of species. The
wash-out coefficient can be assumed to depend on rain intensity. Both
parameters however lump together large number of phenomena, which are not
explicitly modelled.

The sensitivity of deposition to some varying conditions (e.g. air
humidity, atmospheric stability, windspeed...) is therefore not reflected in
the assessment.
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Deposition fluxes

Concentrations
dry normal atm. rain or dry
conditions unusual atm. conditions

heff known 0.3 -3 0.2 -5 0.1 - 10
heff unknown
but moderate 0.2 -5 0.2 -5 0.1 - 10
plume rise
heff unknown
but high 0.1 - 10 0.1 - 10 0.06 - 15
plume rise

Table 1 : Error bands of predicted concentrations on concentrations and
deposition fluxes in simple terrain in the area around the point of maximum
exposure.

The uncertainty on the geographical position of the maximum due to the
release it known effective hieght over simple terrain has been estimated to be
composed of an azimuthal error of + 3%, and a factor of 2 on the radial
distance. The uncertainty on the effective height amplified both errors.

6. APPLICABILITY OF ERAS

The basic purpose of an ERAS-system is to optimize at any moment the
use of information available to the Emergency Response Center, through
pre-established procedures.

ERAS can always play the following basic role:

- acquisition and handling of incoming data;
-— standard reporting of available data.
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Depending on the kind and the number of data, new information can be generated
by the system. If there are sufficient release characteristics and
meteorological data available, the uncertainty on the prediction of the
environmental impact of the release due to the stochastic nature of the
atmosphere can be reduced from a factor of about 100, without atmospheric
dispersion model, to the level of uncertainty given in Table 1. Those
uncertainties are often larger than factors which are considered significant
under the definition of reference levels. Consequently the typical ratio
between upper and lower levels of reference levels for early response actions
is a factor of 5.

If the available information is limited to meteorological data, the
main application of ERAS is to give guidance for the organisation of an
environmental survey. Procedures must be designed so as to obtain a general
view of the severity of the impact in an early phase by performing the most
suitable measurements, depending on the atmospheric situation. Once a few
data are available, ERAS can be used to fit and to extrapolate those data and
most probably to estimate the unknown release characteristics.

The efficiency of a system must be judged according to

- the ability to achieve the main objective, i.e. to mitigate
consequences of large radioactive releases
-~ the cost to achieve that goal.

The most efficient systems allow a minimal degree of conservatism with respect
to countermeasures. The need for conservatism is governed by the following
relationship:

COMPLEXITY (RELEASE, METEO, SITE)
NEED FOR CONSERVATISM I —-

MODEL QUALITY x DATA AVAILABILITY

In real-time only relatively simple models may be operational and many
essential data are unavailable, so that the efficiency of the emergency
response then has to be based on conservatism. ERAS should help to optimise
the acquisition of data. After some time more suitable models can be used, as
more data become available. The level of conservatism can then be reduced and
the social and economic cost of the protective actions minimized.

7. EXISTING SYSTEMS

A questionnaire (annex 1) on computer systems for use in nuclear emergencies
was distributed to GRECA members.

A list of the systems considered by this review is given in the
Bibliography, at the end of the report.

The analysis of the answers may be summarized as follows:
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7.1 Source term

The systems are fitted out with data bases (dose factors, half-lives,
energies...) for 10 to 150 nuclides. Most systems handle the radionuclides by
groups vith common physico-chemical characteristics (e.g. noble gases, Iodine,
Caesium-Rubidium,...). The number of groups varies from 2 to 11. A few
systems use reference scenarios, with a typical release. As a rule on-line
connection with emission monitoring devices is not foreseen. The transfer of
release monitoring data to the input of assessment systems still requires some
human expertise.

7.2 Dispersion modelling

A few systems use a straight-line, time-invariant bi-gaussian model.
Most systems, fed by a single meteorological tower or sodar, apply a gaussian
puff-model or bigaussian-time variant segmented plume model. Some systems use
a K-gradient transfer model for vertical dispersion. A limited number of
models, fed by multiple meteorological data centres, consider a
three-dimensional wind field. These models allow predictions for complex
terrain, coastal effects and long-range effects (e.g. Aries, Speedi). Most
complete assessment systems rely on a hierarchy of models, using simple
preestablished, conservative graphics during the early stages and introducing
more complex models, as more data and human expertise become available.

7.3 Deposition

Deposition is considered in most systems. Some systems consider only
dry deposition. Plume depletion is only considered by about 50% of the
systems. Due to the uncertainty of the deposition parameters, most systems
provide the facility to replace the default values by user-specified values.

7.4 Special effects

Special effects are normally only considered in the complex models
vhich consider a 3D-wind field. Some models allow rule-of-thumb corrections
for buildings and topography.

7.5" Dose assessment

Most systems consider cloudshine and inhalation.

Irradiation by deposits is considered in only about 50% of the systems.
Foodchain modelling is mostly not considered. Dynamical terrestrial transfer
models in general are not used in real time assessments. CAERS has however an
off-line possibility to assess time-dependent concentrations in milk.

7.6 Handling of environmental data

Some answers to the questionnaire mention the handling of environmental
survey results (NOM, UMPIRE, NOODPLAN).
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It is not clear how those data are used as feedback to the model input
or as basis for independent calculations.

"NOODPLAN" and the NRPB model have a module to list environmental
results and to predict corresponding doses.

8. TRENDS IN THE DEVELOPMENT OF ERAS

Originally, ERAS were mostly equivalent to procedures for assessing
atmospheric dispersion, which were developed by research institutes and
applicable for short and long ranges, simple or complex terrains. The
increase in commercial nuclear power plants in the seventies led to a shift to
more pragmatic, user-friendly systems incorporating simple dose assessments
and comparison with reference levels.

During the third phase activated by the development of information
technology and the Three-Mile-Island accident, regional networks were
developed, which assessed the situation mostly over an intermediate range,
using a hierarchy of dispersion models with increasing complexity and range.
After the Chernobyl accident, two kinds of new system are now under
development. On the one hand much emphasis is put on international data
transfer and on the other, the importance of environmental monitoring and the
related data acquisition and handling systems is reinstated.

Several countries are developing telemetric netvorks, in some cases
combined with dispersion models. These national systems will act as a source
for reports to international networks.

Work is also being done on incorporating forecasted data in the system
and on organizing the forecasting process in parallel with the "nowcasting"
process. This trend may increase the applicability of ERAS in a preventive
strategy.

9. CONCLUSIONS

1. Emergency Response Assisting Systems have to handle local and
instantaneous situations. It is doubtful whether a generic system
will satisfy all the requirements. Generic modules should allow use
of a tuning procedure to consider site-specific issues.

2. The technical advance of computer systems allows the implementation of
more complex models in an operational real-time assessment system. The
use of complex models can however be conditioned by the availability
of input data and the users’ experience of the system.

3. The most efficient approach is most probably the application of a
hierarchy of models with increasing complexity, which ensures improved
performance but requires an increasing amount of input data, computer
time and operator experience.
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It is essential that the users of the assessment results be aware of
its uncertainty. The uncertainty can easily be an order of magni tude
or more, depending on the situation.

The assessment, reporting and consideration of uncertainties in the
decision process should be considered with a high degree of priority.
The limits of the systems and the role of human expertise have to be
recognized.

"Emergency Response Assisting Systems" should not be limited to an
"atmospheric dispersion model" but should use the available
information technology to summarize all information in order to
optimize the decision-making process. The combination of predicted
and observed data can accelerate the decision process.

Specific systems for intermediate phase or long-range problems (e.g.
foodchain contamination) might be coupled with the short-range, early
phase modules. For several reasons (i.e. organizational, nature of
sources of information, etc...) decisions during later phases might be
better assisted by a separate dedicated system.

An increasing emphasis is put on forecasting meteorological
conditions, and using ERAS as an instrument to back up a preventive
strategy.

The development of ERAS has not yet levelled off. After the Chernobyl
accident a new wave of research and development started in this area,
putting more emphasis on the handling of environmental survey data and
on international communication.
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Annex 1
QUESTIONNAIRE ON COMPUTER SYSTEMS
FOR USE IN NUCLEAR EMERGENCIES
THE SYSTEM

Give the name of the system

Give the name of the organisation responsible for it.
PURPOSE OF THE SYSTEM

Who is the system designed to provide information to?

Who is to operate the system? Trained person, specialist?

What response time is required? 15mn, lhr, 6hr, 1 day?

Is it permanently manned?

Is it used routinely for any other purpose?

Is it designed to assist with long term, short term countermeasures?

Is it available on site or is it a central facility?

Has it been tested in emergency response exercises? Indicate how.
HARDVARE

What type/types of computer is/are used?

What core memory is required? (minimum to run the model)

What perpheral storage is available?

WVhat other peripherals are used?

What are the power requirements?

Are they available from a backup supply?

Is the system transportable?
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SOFTVARE
General
What language was used for programming?

Are outpouts in graphical form or as text?

If graphics, please briefly describe? (if possible enclose examples)
Indicate how interactive the programme is.

Models

a. Source Term
Is guidance given for source term selection?

How many nuclides are available for source term construction?

b. Atmospheric Dispersion

What is the model used?
Does it allow for dry deposition
B wet deposition
plume depletion
building effects

interaction with cooling tower plumes?

How does it calculate plume rise?

What is the dimension of the wind field?
0 D (a single value for the windspeed)
1D
2D

3D
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Does it allow for

- topography

- change of roughness
~ coastal effects?

How does it treat changes during the transport of

wind speed

- wind direction

atmospheric stability

precipitation?

What do you regard as the maximum range of the model?

How has it been validated?

How is the meteorology categorised?

Dosimetry

Vhat effects are predicted? airborne concentration
inhalation doses
ground concentrations
cloudshine
groundshine
ingestion pathways
- equilibrium model
~ dynamic model
- seasonal effects

Are specific allowances made for children?
How are the cloudshine calculations performed?

Can the effects of various countermeasures be estimated?

Are the results presented as action levels (eg. ERL’s)?




22

DATA COLLECTION

1. Meteorology

- How many meteo stations are considered by the model, in its actual
operating stage?

-~ wind data

- rain data

- How is the heigth of the mixing layer derived?

~ How is the atmospheric stability derived?

- Are the meteodata accessible on-line?
If not, are they always available (off-line) in the calculation
centre?

- What is the delay due to the input of off-line meteo-data?

- What is the updating frequency?

- Do the data cover the whole time period or are they intermittent?

- VWhat is the averaging time of the data?

- Can forecasted meteo data be used?
(is a procedure to put forecasted data in the right format
available?)
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Releases

Are release data collected automatically; if so, how?

How is release rate (size) estimated?

How is isotopic mix assessed? (on-line? default composition?)

Are some source characteristics available in a data base? (Flow
rates, locations, stack heights, ...?)

Environmental monitoring

Is a telemetric environmental monitoring system available at the
site?

Is this system linked to the modelling module? (describe)

Are off-line collected environmental survey data handled in some
wvay by the same system as the modelling module? (describe)

Are environmental survey data used to check or even correct some
input data to the model (e.g. assessment of the release)?

Receptor data

Are some demographic or land use data available in the system?
Are graphical results put on maps of the area?

Are reference points for environmental monitoring incorporated in
the system?

Does the system give guidance on areas recommended for protective
actions?

What is the step of the grid of receptor points?
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GENERAL
Give an estimate of the total cost of the system (if commercially
available)
Cost of software
Cost of hardware
Is it designed for a specific site?
Is the output linked to more than one operational centre?

Any additional information:

This questionnaire has been completed by:

PLEASE INCLUDE ANY USEFUL REFERENCE MATERIAL VWITH YOUR REPLY

Ansvers to : P. GOVAERTS
SCK/CEN
Boeretang 200
B-2400 MOL
BELGIUM




Belgium

Canada

Denmark

Finland

France

Federal Republic
of Germany
Greece

Italy

Japan

Netherlands

Norway

Spain

Sweden

Switzerland
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