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Abstract

An important task of emergency planning is to determine countermeasures during different
time phases of an airborne plume. For this puipose a Catalogue of Countermeasures was
created. The purpose of the catalogue is to be a primary guide for experts of competent
governmental and state authorities as well as for persons belonging to the respective advisory
and supporting panel, who have to assess and evaluate the situation and to select protection
measures in the case of a nuclear event with radiological consequences off-site.

Since radiation is generally not directly measurable, it is, for practical purposes, not the
radiation dose itself but the derived measurable quantities that are used for decision-making.
On this basis the catalogue is a tool for deciding on the initiation of countermeasures based on
Operational Intervention Levels.

1 Introduction

Also in the Federal Republic of Germany the Chernobyl experiences led to new regulations, in
order to be able to act rapidly and appropriately in the case of an event with considerable
radiological effects. According to the Radiation Protection Ordinance (Strahlenschutz-
verordnung, StrlSchV) [1], all necessary countermeasures have to be initiated in the case of
incidents/accidents so that hazards for life, health and material goods are reduced to the
minimum. According to the Precautionary Radiation Protection Act (Strahlenschutzvorsorge-
gesetz, StrVG) [2], in order to protect the population, radioactivity in the environment has to
be monitored and, in the case of events with possible considerable radiological effects, these
effects have to be kept as low as possible. All actions have to take into account the state-of-
the-art of science and technology.

Considering these objectives, a strategy for measures has been developed for the
implementation of §§ 6, 7, 8, 9 StrVG which authorises the federal ministries - on the basis of
the data compiled according to §§ 2, 3 StrVG and summarised by the Integrated Measuring
and Information System (IMIS) for the monitoring of environmental radioactivity - to demand
or, respectively, recommend together with the competent federal state authorities certain
modes of behaviour. As a guide for this strategy, the Catalogue of Countermeasures
(,,Compilation of measures designed to reduce the radiation exposure after events with
considerable radiological consequences") was elaborated.
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The Catalogue is a guide for experts of competent governmental and state authorities as well
as for persons belonging to the respective advisory and supporting panels, who have to assess
and evaluate the situation in the case of a nuclear event with radiological consequences off-
site. The first version of the Catalogue was submitted in summer 1992 [3]. It is currently being
revised. A new and more synoptic version will be published in 2000.

2 Strategy for Countermeasures

When constructing a strategy for measures it has proved to be sensible to structure the
measures first according to the different accident phases during which information on
prognoses or measured values of environmental contamination will most probably be
available:

• Phase I: measures prior to the passage of the radioactive cloud,
• Phase II: measures during the passage of the radioactive cloud,
• Phase III: measures after the passage of the radioactive cloud.

During phase I and phase II there are prophylactic measures which might be taken to avoid or
avert contamination and external exposure. During phases I and II, the decision on the
application of measures is mainly based on prognoses (e. g. on prognostic values of the
source term , the activity concentration in the air, soil contamination, etc.) which are very
uncertain. During these phases, measured values are not yet fully available. Possible measures
are to a wide extent cost-effective measures which can be performed with little expenditure
and can, therefore, be taken as a precaution, like e. g. sheltering, closing of doors, covering
cold frames, closing greenhouses, stopping grazing on meadows, putting animals in barns.

Measures to be taken after the passage of the cloud, i. e. during phase III after contamination,
are often more expensive, e. g. the measure ,,disposal of contaminated products". Therefore,
these measures should be based on measurements. During the phase after the passage of the
cloud, the question has to be answered whether legally binding values are exceeded. In that
case, it has to be checked whether agricultural products can still be sold on the market. If the
answer to this is negative, it must be checked whether by appropriate measures, like e. g.

storage (decay of short-lived nuclides) or
industrial processing,

products can be gained whose activity can be reduced such that the legally binding values
determined by EU can be fulfilled. If this is not possible, the products must be disposed of.

According to the different phases of an accident, the Catalogue differentiates between short-,
medium and long-term measures in the agricultural area. Measures to be taken during phases I
and II are referred to as short-term measures. Examples for short-term measures are, as
already mentioned, putting animals in barns as well as avoiding the use of contaminated near-
surface water. The term medium- and long-term measures refers to measures during phase III.
Medium-term measures are e. g. delaying the time of harvesting or feeding additionally Cs or
Sr binders. The tasks of agricultural use of or cultivating fibre plants on contaminated fields
are examples for long-term measures.
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In addition to the single accident phases, prior to taking measures, the economic consequences
have to be considered and, in particular in the case of measures in the agricultural field, the
ecological consequences have to be analysed and considered. I. e., in a real situation there has
to be a balance between the benefit of any measure and its possible consequences, so that the
measures are appropriate to the current situation.

Furthermore, the influence of each measure on the living conditions of the population must be
considered. E. g., the measure sheltering" can only be maintained for some days. When
implementing the measure ,,evacuation", it must be considered that common family structures
are momentarily torn apart and that they must be reunited later on.

Additionally, the prerequisites for the performance of the measures, e. g. availability of
sufficient amounts of uncontaminated foodstuff when animals are put in barns or of sufficient
transport capacities in the case of an evacuation, must be considered for the individual
measures.

3 Content of the Catalogue of Countermeasures

The compilation of measures in the Catalogue is based on a literature analysis. The measures
are arranged according to the time phases of the passage of the cloud (pre-release, release and
late phase). For each measure, the effectiveness, the operational intervention level (OIL) and
problems that may arise during the application of the measure are described.

An attempt is made to provide a comprehensive overview of all kinds of measures as a basis
for possible argumentation if, for example, a specific measure should not be initiated on
account of its low effectiveness. It is presumed in principle that not all measures will apply to
all situations.

The main criterion for initiating and executing a protective measure is the effective dose
expected to be received from each of the considered pathways (external radiation, internal
radiation after inhalation or ingestion). Since the effective dose can not be measured directly,
for decision making quantities that have been derived and are directly measurable - the OELs -
are used.

To calculate OELs, models must be used which include, e. g., the characteristics of the release
due to the condition of the nuclear installation, the dispersion of radioactive substances in the
atmosphere, the radioecology as well as the incorporation-related metabolism of the
radioactive substance.

The following OELs are used:

• released activity in Bq,
• time-integrated air concentration in Bqh/nr,
• surface contamination in Bq/m ,
• specific activity in Bq/kg or Bq/L,
• gamma dose rate in mSv/h.
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4 Structure of the Catalogue of Countermeasures

The Catalogue consists of two parts. The first part, in the form of diagrams and tables, allows
for short-term decisions on initiating precautionary measures on the basis of available data. It
includes:

Chapter 1: Foundations and structure of the Catalogue
This chapter contains explanations for the used designations, the general conditions, the
structure and use of the Catalogue.

Chapter 2: Orientation diagrams and tables
The orientation diagrams in this chapter serve as guide for the use of orientation tables,
including criteria for the selection of required measures. For each countermeasure, the table
refers to relevant additional information and data contained in other chapters of the Catalogue
(see also example 1 and 2).

Chapter 3: Nomograms
This chapter contains additional information about the radiological situation in the form of
nomograms for dose estimation. With the help of nomograms a quick dose estimation based
on the time-integrated concentration in air or the surface contamination is possible.

Chapters 4 to 6: Compilation of commentaries on all countermeasures
Based on each area where countermeasures apply, the compilation is divided into respective
focal points:

• disaster control measures (chapter 4),
• precautionary radiological protection measures (chapter 5),
• measures in the agricultural and feeding area (chapter 6).

The text and tables summarise important information on countermeasures, particularly
emphasising on preconditions, feasibility, effectiveness, advantages and disadvantages (see
example 3).

The second part of the Catalogue contains the following chapters:

Chapter 7: Combination of data, information and documents
This chapter contains additional information which may be helpful for the work with the
Catalogue. Among others, it includes data on nuclear power plants in Europe, tables referring
to the nuclear inventory and the International Nuclear Event Scale.

Chapter 8: Theoretical basis
This chapter contains a summary of the theoretical principles and the most important
equations used for the calculation of OILs in the Catalogue. It provides the background for a
more detailed familiarisation with the Catalogue.

Chapter 9: Example for the application of the Catalogue
The example serves to explain the work with the Catalogue in several time phases of an
accident.
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Example 1: Extract from an Orientation Diagram

Available
Information

Input Data Considered
Measures

OILs Table

Air Concentration Time Integrated
Air Concentration

Agricultural
Measures

Cs 137 3,5E+02Bq-h/m3

1131 l,7E+02Bq.h/m3 i
LU-NU-2

(see example 2)

to



ON

00

Example 2: Time Integrated Air Concentration

Csl37

1131

LU-NU-2

OIL

(Bq'h/m3), dry deposition

3,5E+02

Countermeasures in the Agricultural and Feeding Area

Immediate harvesting of marketable products

Shutting-up of greenhouses and cold frames

Covering-up plants with plastic sheeting

Fastening of stables

Putting animals in barns

Stopping inflow to cisterns

Table

6.1-1

(see example 3)

OIL

(Bq-h/m3), dry deposition

1.7E+02

Measures in the Agricultural and Feeding Area

Immediate harvesting of marketable products

Shutting-up of greenhouses and cold frames

Covering-up plants with plastic sheeting

Fastening of stables

Putting animals in barns

Stopping inflow to cisterns

Table

6.1-1

(see example 3)



Example 3: Extract from table 6.1-1 „Countermeasures prior to the passage and during the passage of the radioactive cloud to

reduce the contamination of agricultural products"

Countermeasure

Immediate harvest of marketable
products

Shutting-up of greenhouses and
cold frames

Covering-up plants with plastic
sheeting

Fastening of stables

Putting animals in barns (which
would normally be grazing
outdoors)

Stopping inflow to cisterns

Practicability, Restrictions

limited capacity of harvest machines,
manpower, storage room and available
time

danger of overheating by high solar
radiation

plastic sheeting is only available in
specialised firms;
practicability depends on the stage of
development of the plants;
disposal of sheeting;
high manpower costs

dependent on style;
sufficient ventilation is necessary

limitations by existing foodstuff stocks;
replacement of foodstuff is necessary;
problems by foodstuff changes;
capacity of stables

can be labour-intensive

Efficiency

recommendable, priority for
leaf vegetable

recommendable

recommendable

recommendable

recommendable

recommendable

Basis of Decision

time integral of concentration
in air at dry deposition:

I: l,7E+02Bq-h/m3

Cs: 3,5E+02 Bq-h/m3

air concentration at wet
deposition:

I: 1.2E+01 Bq/m3

Cs: 7,0E+00 Bq/m3

I

ground contamination:

I: 7,0E+02 Bq/m2

Cs: 6,5E+02Bq/m2



5 Limits of the Catalogue

In consequence of the handbook-like character of the Catalogue, its universality is considerably
limited if compared to computer programs:

• For pre-calculation, it is necessary to establish specific model parameters. Under certain
circumstances, such model parameters must be changed, if this should result in a better
estimation of the actual accident situation.

• With the help of a computer program essential quantities like contamination and radiation
exposure can be determined in one process for all involved sites and points of time. With a
manual, however, these quantities can be determined for only one site at a time and one point
of time. Therefore, it is essential to gain first an overview of the sites and points of time for
which estimations are to be prepared from measurement results.

• A particularly important restriction applies to the intervention levels (ILs). In the Catalogue,
the dose corresponding with the IL is assumed to be fully covered by one exposure pathway.
In practice, however, it must be assumed that next to one pathway there may also be others
that play a more or less important role. Accordingly, the OIL which corresponds to the
respective IL is generally too high. Nevertheless, this approach seems to be justified by the
fact that the OIL is calculated based on a start value concept. In addition, the contributions of
the various exposure pathways to the total exposure by one single nuclide may be determined
by prepared nomograms.
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