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manual calculations of the ambient radiation (pGy/h) and of
the atmospheric contamination (Bq/mS) simply and rapidly, from
the stack releases, and therefore to compare the results
obtained from the calculation with the values measured in the
environment.

The readings and the evaluations made during the accident are
subsequently noted on diagrams (Figure 2).

RADIOLOGICAL EHVIROKMENTAL
$OURCE TERM CONSEQUENCES MEASURES
A A A
Bq S ... EvAguation  |HGy/horBa/m3
W ICRP UMITS
s SHELTERING
FOR NEXT 24H | ___________ SHEITERING @
N -~ MEASURED
‘< ,PREDICTIONS
' CAL;:?LA‘I‘ED
E STACK RELEASES ]
! AT ¢ TIME
l’l’Al:ll( RELEASES / []
; tHime \ distance - distance
) hour mila mile
Figure 2
CONCLUBION

This method and these tools have been tested in emergency
exercises. Their efficiency has been proven in the area of
making early evaluations (up to 24 hours after the accident).

These tools, which were specifically designed for nuclear
power plant technicians, are in no way intended to replace the
work of experts, particularly of those who would be present in
the national emergency centres and who would have at their
disposal more precise computer tools for determining the real
impact of the accident.
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Summary

The concept of decision-oriented mapping (DOM) in emergency
and post-accident situations in nuclear engineering is presen-
ted. The DOM is an integrated result of decision support sys-
_tems (DSS) and geographic information systems (GIS). Short
survey of systems used for emergency and post-accident situa-
tions by IBRAE and IPSN are presented.

1. Introduction

The assesment of the impact of a nuclear accident on the envi-
ronment, in the purpose of decision making, needs:

-to order a big amount of data on various topics like demo-
graphy, geology, hydrogeology, agriculture, into graphical or
alphanumerical databases and to use them with various mathema-
tical models, concerning the transport of radiocactivity in
atmosphere, soil, water systems etc: this is the goal of ENVI-
RONMENTAL DECISION SUPPORT SYSTEM (EDSS) [1].

—-to synthesize and prepare results immediately acceptible by
non-specialists, The best way to do it is to realize special
maps, more oriented towards decision than standard maps, over-
layed with another layers of information, devoted to logistic
actions: these operations can be easily made with GEOGRAPHICAL
INFORMATION SYSTEMS (GIS).

The answer to the complexity of these problems is the use of
computer power. The first reason is obvicusly for running
models. The second reason is the recent development of info-
graphy that allows 1linking pictures tc results of models,
storage of large amount of data, speed of data processing,
flexibility of output (variable scales, choice of accuracy,
level of details) suited with each user’s needs.

The present report is devoted to the complementary concept of
EDSS and GIS, for their use in DECISION ORIENTED MAPPING (DOM)
on nuclear installations, in case of Emergency and Post-
accidental Situations. A review of advantages given by modern
software like data bases and associated models, geographical
information system and remote sensing picture processing is
presented. Examples of application both in France (Emergency
Techpical Center} and in Russia (Institute of Nuclear Safety)
1s given,.
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2. Scoftware tools

2.1. Environmental Decision Support System (EDSS)

For emergency situation following a nuclear accident, EDSS
must include at least:

~databases concerning the environment: roads, cities, demogra-
phy, rivers, geology, hydrogeology, agriculture, cattle, food
production, and all economic informations needed for the des-~
cription of region of interest (in a radius of 100 km or more)
-mathematical codes for modelling the transpeort of radioacti-
vity in air (atmospheric dispersion codes), soils (migration
codes), water (river diffusion codes) and food chains

-user friendly interfaces necessary for operating these complex
tools.

EDSS can be extended to connect other topics like dose-effect
models, or risk analysis.

2.2. Geographical Information System (GIS)

Modern GIS technology is organized as a collection of hard-
ware, software, geographic data designed for efficient cap-
ture, store, update, manipulate, analyze, and display all
forms of geographically referenced information [2-4]. Thus,
GIS includes graphic programs with a data management system
(relational data base management systems, as a rule). In this
case it is possible to prepare and manage discrete layers of
maps along with descriptive data attributes. Map layers con-
sist of points, lines, and polygons and form topological stru-
cture of maps. One of the main advantage of a GIS is that it
allows one to define the spatial relationships between map
“features and it holds data bases [2]. The simplest "GIS" can
be organized as a graphic data base management system of spa-
tially (geographically) related data,

There are two widely used types of picture in infography:
vector based, and raster based [3].

In raster based systems, the picture is a combination of sets
of colored points (picture elements or "pixel"), similar to a
photography. In vector-based system, each line element is
defined with two points (vector) and the result is a drawing,
defined with points, lines and polylines of variable thickness.
Raster pictures are relatively easy to acquire (videocamera),
and can be displayed with short time. Major inconvenients are
that these pictures can not be modified, updated, and overlaid
without the help of sophisticated processing softwares. They
need high storage content.At the opposite, the advantages of
vector picture are those of vector: rotation, translation, etc.
Overlaying is easy to perform, and need few storage content.
Inconvenients are difficulties encountered for data acquisi-
tion directly or indirectly by extracting vector pictures from
raster pictures.

8o, both DSS/EDSS and GIS we are going to use depend on many
factors (decision to be taken, speed, efficiency, flexibility
and compatibility, data base management, hardware, etc), that
should be taken into account for the DOM. In order to satisfy
sometimes contradictory objectives different combinations of
DSS and GIS possibilities should be used for final presenta-
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tion of the results and analysis.
2.3 Image Processing

Oone of the main problem which arises when making pollution
assessment, 1is to determine the extension and the level of
contaminated biomass (agricultural field, forest, etc). These
lacking informations, concerning land cover may be obtained
with satellite image. Advantages are the "natural" synchronism
and easy updating of informations and disavantages are the
necessity of processing for making data comprehensive.
Information given by satellite picture, like SPOT, or LANDSAT
TM, is the capacity of soils and plant to reflect more or less
solar radiation. Under certain circumstances, vegetation can
be identified by its "spectral signature", especially during
high chlorophylian activity. This identification is enhanced
by studying combination of two detection channels like red and
near infra-red (normalized vegetation index).

Processing the whole picture allows the determination of "con-
tour" zone =-area of same use. At this step, the picture may
be transformed from raster to vector mode and be exported
towards a G.I.S, each contour beeing linked with a type of
vegetation, and corresponding data like interception factor of
radijoactivity by leaves, or agricultural production rate, both
depending on cultural calendar [5].

3. Use in Emergency Center

Two illustrations of software tools used in Emergency Center
are given, one concerning more the geographical mapping at the
Emergency Technical Center of IPSN (France), the second more
oriented on EDSS, and especially on analysis of the consequen-
ces of Cherncbyl accident at the Institute of Nuclear Safety
(Russia).

3.1. French Emergency Center

In France, in case of a severe accident on a nuclear facility,
IPSN Emergency Technical Center (ETC) must provide technical
assistance to the different Ministry Departments and more
particularly to the Direction for Safety of Nuclear Installa-
tion (DSIN).

During the early phase of the accident, the goal of ETC is to
evaluate the accidental situation and to forecast its develop-
ment in terms of release to the environment. The ETC is orga-
nized round a management unit receiving data from two working
parts:

-~one is studying the situation within the damaged plant (plant
assesment cell);

" -the other one is concerned with assessing the radiological
consequences of the accident (radiological consequence cell}.
After the early phase the second cell is transformed into a
post accident one. Radiological assesment cell takes into
account the source term and meteorological data to calculate
atmospheric dispersion. Twe models are runnig on VAX computer:
a plume one and a more sophisticated software that is a puff
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model. These models compute estimated values such as deposits,
doses and dose rates, and share out them on a spatially two
dimentional regular grid. Then a specific software extracts
contour pattern from the base grid predicted wvalues. At this
step , cartography system is used. The aim of this latter is
to provide decision-oriented maps with enocugh information for
the concerned authorities.

The major functions performed by the ETC cartography system
are: 1) Display isovalues obtained with the atmospheric dig-
persion models; 2). Add other topics, to be overlaid on the
preceding map: geographical maps, c¢ollected measurements in
the environment, demography, grid marks -UTM, Lambert; 23).
Modify the scale; 4}. Evaluate demography or any other parame-
ter inside a defined area with the use of mouse and screen.
Because of the accuracy and level of detail required, digiti-
zed data are coming from different scales of map. Four classes
are defined: site scale, local scale, regional scale and na-
tional scale., But it must be pointed out that despite the
discontinuous origin of data, all topics can be displayed on a
continucus way, as the user wants. Coordinates used are ejther
french (Lambert) or internatiocnal (Universal Transverse Merca-
tor).

This system being used for emergency situation, a great effort
was made for improving the speed of the software: demography
evaluation needs only 3 seconds. For portability and maintabi-
lity reasons, the software is written in normalized languages
-FORTRAN 77 and GKS (Graphical Kernel System)- running on mini
computer VAX Station 2000 and Micro computers.

3.2. Russian Emergency Center

Recently in Institute of Nuclear Safety (IBRAE), a comprehen-
sive integrated system "“RCHAINS" was deleloped for modelling
of radionuclide behaviour in environment. It is organized as
EDSS, and includes a number models of different complexity
(modelbank} for modelling of atmospheric dispersion, migration
in seil, food chains, dose-effect models, risk analysis, etc.
All models consist of processors, model-dependant data bases
(coefficients, parameters, spatially/geographically distribu-
ted data from GIS, etc) and user-friendly interfaces. Relatio-
nal data bases are also an input and output of modelling and
perform integration. .

Such approach is called "subject oriented one". It is highly
flexible and efficient and can be used both in emergency and
post accident situations. Besides geographical layers diffe-
rent types of models layers are organized as a data bases.
Thus, all results of modelling can be presented and analyzed
with the help of raster or vector-based systemns.

Electronic maps are of different scales and obtained by digi-
tizing of existing ones along with attribute data. The primary
layers (hydrography, transport network, settlement, land use,
etc) are selected for preparing maps for the decision analysis
with DSS: different results of modelling (data bases), and
data bases from in situ measurements and monitoring systems
are processed for presentation on different maps.

Up to four different data bases can be presented, analysed,
intercompared simultaneously on the same moniter. The whole
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system is organized as a local network of PC compatible compu-
ters and several experts can work on the same subject. For the
rapid management raster-based maps also can be used. In the
latter case for editing point objects specially developed
"EDITOBJ" module for moving pollution sources, analysis of
countermeasures like relocation is widely used.

At present time, the main activity concerns the sjituation
after the Chernobyl accident. This work is organized within
the framework of Information Analytical Centre of IBRAE [6].
An information about radiological, socio—economic and other
situations is collected and analyzed on thousands of settle-
ments. These comprehensive data banks are used for expert
analysis, prognoses, and preparing different types of maps for
the decision makers. In this case, the main tasks are connec-
ted with powerful DBMS of geographically related data. Diffe-
rent scales (from tenth of meters to hundred Xkilometers) and
usually randomly distributed data require corresponding soft-
ware modules for data processing that includes statistics,
geostatistics, interpolations, fractal dimension analysis.

4. Conclusion

Making decision in emergency or post accident situations after
a nuclear accident is a difficult task, which can not be per-
formed without using a panel of meodern tools like Environmen-~
tal Decision Support System, Geographical Information System,
Satellite Image Processing. The complexity of the probklem
corresponds to the sophistication of these tools, which can
not exist without software frame.

At present, the main unsolved problem is to connect all these
softwares together for making them compatible, particularly
from the point of view of files tranfer (import and export).
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Introduction

The Swiss Emergency Organisation Radioactivity (EOR) consists of:

- the Radiation Emergency Management Board (Leitender Ausschuss Radioaktivitit, LAR)
being responsible for taking appropriate actions in case of an emergency

- the National Emergency Operations Center (Nationale Alarmzentrale, NAZ), the
permanently operated station for first-stage actions, collection and evaluation of
monitoring data, and proposal of preventive and protective actions

- the Radiological Monitoring Organisation

- the Communication Networks

- further supporting Organisations

Detailed information on the EOR is given in the paper by H.H. Brunner {1]. Until 1991 external and
internal irradiations were dealt with by different groups. In these groups not only monitoring but
also evaluation, interpretation and recommendation of measures were studied and prepared.
Therefore, the existing documentation is separated in applications for external and internal
irradiation [2,3]. In 1992 the organisation was changed into a section which is responsible for the
whole monitoring systems of both types of irradiation (the Monitoring Organisation) and a second
section which is responsible for data evaluation and elaboration of measures to be taken. The tasks
of both sections overlap at the data information system (called "Phonix"). The first section is
feeding the system, the second is working with their outputs. This new organisational structure
became effective at the beginning of 1992,

Structure of the Monitoring Organisation

The Monitoring Organisation can be divided into 4 subgroups (figure 1):

- Networks

- Laboratories

- Instruments and organisations for mobile monitoring
- Data Information System (Phénix)

Most elements of this organisation are in routine operation for various institutions and are put
together in the Monitoring Organisation of EOR for training courses and in case of emergencies.
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Figure 1: The Monitoring Organisation of EOR

Networks

NADAM

The nationwide photon dose rate monitoring and alarming system is called NADAM, In total 58
stations are distributed all over the country. The readings in the range of 50 nSv/h to 50 mSv/h are
transmitted every 10 minutes to the National Emergency Operations Center (NAZ) in Ziirich where
the data are checked for consistency and included in the Phéinix system. The validated data of 16
stations are transferred to TELETEXT and can be recalled on properly equipped TV receivers. In
addition, all data are published weekly in the Bulletin of the Federal Office of Health. The position:
of the NADAM stations are shown in figure 2. Further Information on the NADAM system: is giver
in the paper of D. Sulmoni {4].

Monitoring Posts (Atomwarnposten, AWP)

107 Monitoring Posts are installed mainly at police stations in cities and villages, These posts are
equipped with 2 dose rate meters covering the range of 50 nSv/h to 10 mSv/k and 10 puSv/h to 10
Sv/h respectively. The posts can be alarmed by the NAZ within a few minutes. The personnel are
trained to use the instruments and to perform different measurement programs. The results are
reported to the NAZ. The local distribution of the posts is given in figure 3.

Early Warning System FWP and RADAIR

A network of 9 continuously working air samplers with beta counters and alarming units has been
in operation for more than 20 years (see figure 4). The replacement of these instruments by the so
called RADAIR system operated by the Federal Office of Health (BAG) is being planned, This
project includes a network of air samplers with automatic alpha/beta counting and gamma
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spectrometry units as well as iodine monitors. The new network should be realized between 1992
and 1996,

MADUK

The MADUK system is a planned on line dose rate monitoring network with 57 stations around the
4 swiss nuclear power plants. MADUK will be operated by the Nuclear Safety Division (HSK). The
readings are also transmitted to the NAZ and included in the Phonix system. It is planned to have
MADUK realized by the end of 1993. Around each of the 4 NPP shown in figure 5 a network of 12
to 17 sensors at distances up to 5 km will be installed. More details on MADUK are given in the
paper of F, Cartier [5].

Laboratories

For radionuclide identification and for activity measurements the Monitoring Organisation includes
a number of laboratories from different organisations:

Special Labs

Five permanently operated radioactivity measurement laboratories are in the position of so called
"Special Labs". These laboratories have a pre-defined environmental measurement program to start
with immediately after a request by the NAZ. This first program emphasizes the identification of
the nuclides involved and measuring environmental samples, Later on these labs perform
measurements according to the program continuously developed by the NAZ. The laboratories are
equipped to perform qualitative and quantitative determinations of alpha-, beta-, and gamma
emitting radionuclides in various samples, especially foodstuffs. The special abs report their results
to the NAZ by Fax or later on directly into Phinix. The position of the special labs are given in
figure 6. :

AC - Laboratories of the Army _

The army is operating 30 AC labs equipped with Nal detectors for gamma spectroscopy. In case of
an emergency these laboratories have to be activated and the staff has to be called for military
service. Therefore, these labs become effective only several days after activation. Due to their high
capacity, they play an important role in the so called main and late phase of an emergency situation,
The measurement programs of these laboratories are determined by the NAZ and the results are
reported there by Fax, The positions of the AC-labs are shown in figure 6.

Cantonal Laboratories

The new regulations state that the cantons are responsible for the control of radioactivity in
foodstuffs. Therefore, several cantons operate well equipped radioactivity measurement laboratories
permanently (figare 6). Some of them are also involved in routine environmental surveillance, In
case of emergency there is a close cooperation between the AC laboratories of the army and
cantonal laboratories,

Other Laboratories

Besides the official laboratories of governmental organisations a number of private organisations
operate modern radiation measurement laboratories, These are mainly the nuclear power plants and
some industries. Cooperation of these labs with the Monitoring Organisation is informal and
deserves a special agreement in case of need.




450  Environmental Impact of Nuclear Installations

Whole Body Counters

Whole body counters are in routine operation at PSI and at two hospitals in Basel and Geneva. No
decision is taken so far, whether a new whole body counter will be built at Inselspital in Bern. At
the moment, the instrument of PSI only is part of the Monitoring Organisation. It is planned to
include the whole body counters of the hospitals and to purchase two mobile units for in vivo
measurements (see also Mobile Monitoring).

Mobil itorin

Monitoring Patrols

Ten monitoring patrols from different organisations are equipped with instruments for dose rate and
contamination measurements as well as equipement for air sampling and collecting environmental
probes. Around the nuclear power plants monitoring routes are predefined to allow very quick
actions after suspected incidents (figure 7).

Monitoring Helicopters

Twenty units of dose rate monitoring systems are available for use in helicopters of the army. One
monitoring helicopter is ready for operation all the time. The others would have to be equipped
first,

Acroradiometry

One 16 liter Nal spectrometry system is ready to be used for aeroradiometric measurements out of
an airplane or a helicopter, The main use of the system is in searching for distributed sources, e.g.
debris of a satellite with nuclear power systems.

Mobile In Vivo Counting Systems and Measuring Labs

Iris ptanned to build 2 mobile laboratories comprising thyroid, thorax and eventually whole body
fneasurement instruments as well as a small laboratory unit for gamma spectroscopy, dose rate, and
contamination measurements. The realisation should be completed by end of 1993.

Police, Firemen

Around 50 teams all over the country are instructed and equipped for dose rate and contamination
measurements. These teams are responsible for first measurements and actions in case of local
accidents involving radioactive substances, such as a fire or a transport accident,

AC Officers of the Army

In case of an accident in a Swiss nuclear power plant, up to 24 dose rate monitoring teams of
specialists of the army can be activated for measurements at predefined locations or on routes
defined by the so called "Messleitstelle” in cooperation with the NAZ.

Army and Civil Defence Organisation
The army and the civil defence organisation possess 25'000 dose rate monitors each. These
instruments with ranges of 10 uSv/h to 10 Sv/h are for use of both organisations themselves,

D rmation m (Phéini

In an emergency all data from the various networks, laboratories and mobile monitoring teams are
centrally collected, stored and evaluated at the National Emergency Operations Centre, The data
information system Phinix is being installed for a timely processing of all the products required for
an evaluation of the situation.
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In a first step the laboratories are connected to the system, A data base for the laboratory data has
already been created and will be used by all laboratories when the system will be completed,

In a second step the evaluation part of the systern will be set up. The data of the networks and of the
mobile monitoring teams will be combined and evaluated together, The data will be treated to such
an extend that the required graphs and overviews can be produced and input data for forecast
models become available. The graphical presentation of the data is part of an Advanced Relational
Geographic Information System (ARGIS).

Training and Quality Assurance

Most of the instruments, systems and laboratories of the Monitoring Organisation are in permanent
routine use. Here quality assurance is performed on a professional level, including training courses
and intercomparison exercises, The extension of the organisation in case of an emergency is
realised by military persons and equipment. Quality assurance and training of personnel of this part
of the organisation is covered by regular military repetition courses.

Ongoing Studies

The Monitoring Organisation must in the near future solve the problems of individual dosimetry of
members of the EOR possibly being exposed to radiation, and contamination monitoring of
members of the EOR, as well as of members of the population. Both problems are being studied by
working groups.
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Summa

In the last twenty years technological changes have taken place very rapidly.
Unfortunately, these changes had not only had advantages but also disadvantages,
espcially with respect to envrionmental issues. Due to the short- and long-time
consequences environmental accidents can trigger and the stress situation arising for
companies and gouvernments concerned, the need for a suitable decision support
has been realized by the responsible people.

To help overcome the typical difficulties that can arise in a crisis situation, especially in
the case of an accidental release of radioactivity, the National Emergency Operations
Center has designed and implemented a Decision Support System DSS to evaluate
acceptable countermeasures to reduce ingestion dose. The system involves all the
necessary modules and techniques for efficient decision making, based on the most
recent developments in decision theory, as well as the necessary structuring of the
decision making process.

1. Introduction

The Decision Support System DSS proposed in this paper (fig. 1) is especially suited
to the political conditions in Switzerland, but could easily be adapted to the conditions
in other countries,

The decision power is divided among experts and politicians, The decision process
itself starts at the expert level, which is a more tecgnical level. There the different
countermeasures to reduce ingestion dose are discussed and checked with respect

to technical feasibility and efficiency. In a second step the countermeasures proposed
by the technicians have to be judged with 1espect to political criteria. Finally, the most
effective countermeasures with the best political acceptance are proposed to be
implemented.

To guarantee decisions of high qua]i‘?(, as many countermeasures to reduce ingestion
dose as possible have to be presented to the decision makers. Due to the difficulty of
evaluating all the possible countermeasures the space of alternatives is automatically
generated. This prevents the decision makers from information overload and is
possible by filtering out the irrelevant data through different generic restrictive
systems. The countermeasures for reducing the ingestion dose involve such factors

as different processing techniques in agriculture or food industry.

In the next paragraph a short overview of the system will be given, The whole system
is highly interactive to guarantee the flexibility which is necessary to cope with crisis
situations.
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2. Threat Assessment

In a first step the threat for the population concerned has to be assessed. Since
radiation damage resulting from ingestion of contaminated foodstuff cannot be
determined directly, several calculations have to be made before being able to assess
the different kinds of risk thoroughly. These calculations involve the evaluation of the
activity concentration in the contaminated foodstuffs and the committed dose
equivalent. The calculation code used in the DSS is the German code ECOSYS (1).

Because deposition of radioactivity is unlikely to be homogeneous, the entire territory
of Switzerland is divided into different areas: regions with different levels of deposition
and typical agricultural structures are distinguished. The size of each area can vary;

the smallest units are political districts, Based on these data activity concentration in
foodstuffs and the resulting ingestion dose for the poEulation in the corresponding
area can be calculated. In order to guarantee the highest possible reduction of the
ingestion dose, countermeasures for the product with the highest relative dose
contribution in the first year after the accidental release of radioactivity are evaluated
as a priority.

3, Generation of the Space of Countermeasures

A large number of countermeasures to reduce the ingestion dose have been

evaluated in a literature study (2). However, since some alternatives are not feasible at
a certain time because of physical, chemical, biological or time restrictions, the list of
evaluated alternatives has to pass a filtering system. Here those alternatives which do
not comply with the restrictions are eliminated.

After having evaluated the singie countermeasures allowing the reduction of nuclide
concentration in soils, crops, animals and foodstuffs the decision makers have to
determine how these activities can be combined in a most efficient manner. The
system gives all the combining facilities and allows its users to cope with more than
2000 countermeasures for different kinds of foodstuff.

4, Criteria and Method Used for Decision Making

In many cases the countermeasures are difficult to compare because of the fuzzy set
of conseguences their implementation can induce to the environment considered. To
support decision making efficiently the badly defined conseguences must be
systematically investigated and explored. To cope with this demand a coherent family
of criteria was evaluated (3):

Technical feasibility:

The technical feasibility deals with technological problems mainly concerning changes
in the production processes, such as additional capacity with respect to room,

storage place, machines, running materials or qualified staff etc.

Problems of radioactive waste management;

To glllgge the different alternatives the entire inventory of radioactive waste arising
within the period during which a countermeasure is executed, has to be estimated by
the technical experts.

Reduction of food-supply:

Reduction o food-suplply or rationing of foodstuffs could cause disturbances and
anic among the population. Therefore every ncz,lgative deviation from the average
ood or feeding supply-level should be prevented.
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Estimation of costs:

To estimate the costs, the additional expenses for a certain countermeasure have to
be summed up. Because a part of the costs can sometimes be transferred to
insurance-companies the different possibilities of cost apportion should also be
considered for decision making.

Consistency of national decisions (countermeasures) with international ones:

If the countermeasures taken in Switzerland differ too strongly from those
countermeasures implemented in other countries with a similar deposition of
radioactive material, the population begins to doubt about their accura? and
efficiency. A gap between national and international countermeasures should
therefore be avoided.

Acceptancy:

The expected change in the consumption behaviour is also a consequence which
should be taken into account for final decision making. If the change in the behaviour
is exgected to be very small, the implementation of a certain countermeasure will be
much easier and more successful.

Theoretically possible dose reduction:
To calculate the individual dose reduction, the model ECOSYS (1) is used.

If multiple criteria have to be considered for decision making, more than a hundred
methods have been developed over the past few years to aggregate the different
criteria. The approach implemented in the DSS l))(elongs to the muiti-attribute
projection methods (4). This set of methods is mainly considered for the treatment of
qualitative data. Due to the lack of information and the stress arising in a crisis
sitnation a complete and perfect modelling of the decision makers* preference system
is assumed to be unrealistic.

5. Evaluation of the Best Countermeasures

After having determined the feasible countermeasures, the experts have to decide
how reasonable they are, largely based on different technological criteria, The most
reasonable countermeasures have to be evaluated separately for each product. Only
these will then be proposed to the politicians to test their acceptance with respect to
political and economical criteria.

To avoid unnecessary discussions, the politicians should only be confronted with
efficient and feasible solutions, from a technological point of view. The politicians are
free to accept the rankings of the experts without any change, to accept the list of
propositions, but change the rankings or to return the proposed solutions asking for
different ones.

The consequences of the different countermeasures with respect to a certain criterion
are evaluated through special models. These models involve both, quanitative
approaches as well as qualitative ones.

6. Conclusion

The concept designed in this paper is a framework to help the decision makers in
complex decision making situations. If the system is to be used for decision making in
a crisis situation, it must be dynamic, flexible and adaptable to the ever changing
outside parameters; The need to gain organizational acceptance is another important
remise. To gain this acceptance the responsible authorities and experts have been
involved in the planning and implementation process. A first prototype version of the
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system is now being implemented at the National Emergency Operations Center and
will be tested with technical and political decision makers in Switzerland.
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INFLUENCE OF THE CONTAINMENT VENTING SYSTEM ON
THE EMERGENCY PLANNING

M.Baggenstos, Swiss Federal Nuclear Safety Inspectorate
CH-5232 Villigen-HSK

Dr. B. Covelli, TECOVA Litzibuech 8
CH-5610 Wohlen

Summary

The main purpose of the containment filtered venting system is to
prevent an overpressure failure of the containment with an
uncontrolled release of radioactivity.

The paper discusses the existing practice for emergency response;
recommendation of prophylactic sheltering as protection against
the exposure from the cloud. The area involved and the timing forx
this countermeasure is determined by the accident progression and
the wind direction at the time of release.

With a controlled filtered containment venting the time of
release and therefore the invelved area (and population) can be
influenced. With such a system an optimisation of the
countermeasures can be achieved.

The venting strategy includes the following elements:

- containment pressure
- containment Hs content

- containment steam content

- containment radiocactivity content
- weather category

- wind direction

- status of the public protection

Optimisation of the initiation of the venting system is
discussed, using the programm VENTOPT.

l.Emergency Planning : Existing Practices

The existing emergency planning practice in Switzerland is
described in the federal concept " Emergency Planning and
Preparedness for the Vicinity of the Nuclear Power Plants "
published 1991.

1.1 Emergency Planning Zones and Sectors

The vicinity of the NPPs in Switzerland is divided into 3 zones.

Zone 1 (3-5 km) comprises the area around a nuclear power plant
in which immediate protective measures are required.
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Zone 2 (20 km) adjoins Zone 1 enclosing an area with an outer
radius of approximately 20 km . Zone 2 is divided into 6 sectors

each of 120°.
Zone 1 and Zone 2 are the plume exposure pathway Zones
Zone 3 contains the area outside 20 km. Measures to protect the

public during the passage of the radiocactive cloud are not
necessary. Preplanning are arranged for the ingestion pathway.

Beznau « NPP-Site

Lelbstadt
Zone 1

Zone 2

O0®

Mahleberg Zone 3

Fig. 1 Emergency Planning Zones in Switzerland

In the case of the NPP-~Sites Beznau and Leibstadt,
the Zones 1 and 2 are combined

Special Notes
3-6km ndangered secter

® Zone 2 is divided into /4?’ i 7 400 0.7
& overlaped sector B 7 AN L7
Eifss i
® Warning is always give HZane 1
to complete Zone 1 and Zone 2
complete Zone 2 5
o
X Zone 3
@ Alert ar always give to the <ﬁ©b

complete 2one 1 and also to
endangered sectors of Zone 2

Fig. 2 An endangered sector in Zone 2
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1.2 Alert Procedures

If an accident poses a threat to the environment, a three stage
warning and alert procedure is set in motion. The criteria for
issuing warnings and alerts are given in the Emergency
Regulations of the NPP.

A WARNING is issued when an accident occurs in a NPP, but there
is no immediate threat to the environment. The WARNING puts the
federal, cantonal and community organizations on stand-by for a
possible alert. ’

A GENERAL ALERT is issued when an accident evolves in such a way,
that it could lead to a danger to the environment. The population
at risk is alerted to initiate preparations for a possible
release at the NPP.

The RADIATION ALERT is given when the release of radicactive
material has begun. The populaticn 1s instructed to take
immediate shelter in a cellar or civil defense shelter,

The alert procedures is dictated by the situation in the plant.
The release timing cannot be chosen therefore also the weather
situation and the endangered population is dictated by the
accident progression in the plant.

It is possible, that the release starts during a (radioclogicaly)
bad weather situation and in a wind direction with a high
population density.

2 Influence of the Filtered Venting System on the Emergency
Planning

With the filtered venting system for some scenarios the timing of
the release ( and therefore the weather situation) can be
influenced by the activation of the system.

2.1 Influence on Emergency Planning Zones

The EPZ are not influenced by the system because the main
contribution to the external doses is determined by the
radioactive noble gases which cannot be retained in the filter
system.

2.2 Influence on the Alert Procedures
The decision to activate the filtered venting system can be

chosen within some time interval. The elements which are taken
into account for this decision are listed in Fig 3.
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2.3 Optimisation of the Filtered Venting System Activation with
the VENTOPT Program

The PC-program VENTOPT calculates the release of radiocactivity
and transport to the environment in the course of a core melt

acgident upon activation of the filtered venting system (FVS)

The pressure build-up in the containment and the radicactivity
content in the containment are taken from risk studies, It is

also possible, to introduce actual data from PAS-measurements

{Post RAccident Sampling).

The VENTOPT code has 3 parts:

CHROCO: calculates the actual activity contents in the
containment

CHROIN: organizes the input files for the transport calculation
CHRONY : calculates the off-site doses

The population density is integrated in the programm, so that
collective doses can be calculated.

Within the context of this paper,the program is only used to

compare different venting strategies and not to calculate
absolute values

Figure 3: Elements of the venting strateqgy

containment
steam conten

containment
H, -content

containment
pressure

venting
strateqy

containment
radioactivity

wind
direction

weather
category

protection
grade public
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2.3.1 Calculation of the Released Activity after Different Times
(Fig 4; Tab 1)
The released activity is influenced by

- radiocactive decay

- sedimentation inside the containment

-~ resuspension and revaporisation from the pool

The iodine source term (st) decreases a factor of ten within 4
hours. But within the next day it decrease only slowly {a factor
of 2).

The aerosol st has a minimum after about 10 h.

2.3.2 Influence of the Weather Situation on the Involved Persons
and the Area

(Fig 5; Fig 6)

It is well known that the weather situation greatly influences
the radiation doses. It is not useful, to compare the dose at a
given time for different weather situation, because at the time
of a accident, the weather situation cannot be influenced. We
have therefore taken a typical weather situation during a winter
day (as example near the NPP gdsgen) and ( assuming, that these
situation can be prognosed for some time) have calculated the
influence of the weather changes withlin this time on the dose.

The ¢loudshine doses are below the limit (0.01 Sv) if the system
starts between 9 and 14 h . The thyroid doses are below the limit
(0.03 Sv) between 11 -14h and 17-19 h.

The contaminated area is minimal when the system is started
between 19 and 20 h. (Fig 6)

Congclusion

With the filtered wventing system, the affected area and therefore
the involved persons ( and their doses) will be influenced
greatly by the time when the system is activated. It is not
optimal, to wait until the rupture disk of the system will open
and start the release. The decision to start the FVS gives the
involved emergency staff an large (and new) responsibility. The
VENTOPT program helps to take this decision.
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Fig. 4. Source term (st)
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i : it . . 0
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Tab. 1: Weather condition

Start Weather condition
venting
3 c,230,0,3,t,1000
4 C,230,0.3,t,1000
5 C,260,0.4,r,1000
6 C,260,0.4,r,1000
7 ©,280,0.3,%,1000
8 C,280,0.3,r,1000
9 C,240,2.5,rr,1000
10 C,240,2.5,rr,1000
11 C,240,2.4,rr,1000
12 ©,240,2.4,rr,1000
13 D,250,2.0,r,1000
14 D,250,2.0,r,1000
15 D,270,1.5,r,1000
16 D,270,1.5,x,1000
17 F,280,1.0,r,1000
18 ¥,280,1.0,r,1000
19 F,270,0.5,t,1000
20 F,270,0.5,t,1000
21 D,280,0.3,t,1000
22 D,280,0.3,t,1000
23 c,280,0.2,t,1000
24 C,280,0,2,%,1000
Heteorological legend: b,280,5.3,t,1000

D=Stubility condition
280=Winddirection 5.3=Windspeed
t=dry r=weak rain rr=heavy rain
1000=Height of inversion
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Fig. 5: Involved Area around 20 km of the plant

Meteorological condition: Winter
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Fig. 6: Number of involved persons around 20 km of the plant
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PRELIMINARY RESULTS ON TRANSFER OF RADIONUCLIDE
IN SOIL. AND CROPS IN THE CHERNOBYL AREA

1M, Quinault!, R. Arutyunyan?, P. Picatf, $. GavrilovZ, C. Colle! C. Friedli?
M. Kanevski?, V. Kiselov?, P, Fache!, H. Maubert!

TINSTITUT DE PROTECTION ET DE SURETE NUCLEAIRE, Département de Protection de
1'Environnement et des Installations, IPSN/CEA, 13108 SAINT-PAUL-LEZ-DURANCE, CEDEX, France.

2 INSTITUTE OF NUCLEAR SAFETY. Bolshaya Tal'skaya, 52, 113191, MOSCOW, Russia,

3 ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE, Institut d'éléctrochimie et de radiochimie.
EPFL-Ecublens, CH - 1015 LAUSANNE.

Summary
The IPSN is collaborating with IBRAE (INS: Institute of Nuclear Safety of Russia) in the fields of

measurements and computer modeling, and with EPFL (Swiss Federal Institute of Technology, Lausanne) in
the field of radiochemistry. The opportunity provided by Russia to collect samples in a contaminated area
inside the Chernobyl region enabled us to combine the efforts of the three institutes to provide a complete
chain: sampling, measurement, modeling and validation. Emphasis was on the evolution, versus time, of the
vertical distribution of cesium in various soils, mainly podzol, measured by gamma spectrometry, and
strontium, extracted by radiochemistry and measured by bela counting.

This paper presents the objectives of the project, the progress of the work and the first results obtained.

1. Radioecology collaborations between IPSN, Russia and Ukraine

Russia, Belorussia and Ukraine contain areas that have been highly contaminated by radionuclides from
various releases. The French Nuclear Protection and Safety Institute (IPSN) started scientific and technical
collaborations several years ago, particularly in the field of radicecology with ifs "Service d'Etudes et de
Recherches sur les transferts dans }'Environnement" (SERE: Environmental transfer research section) of the
Department for the Protection of the Environment and Installations (DPEI). For the Urals region studies have
been undertaken under the terms of an agreement between IPSN, Mayak (the company responsible for the
Kyshtym accident complex), and the Urals division of the Russian Academy of Sciences. For the Chernobyl
site JPSN operates under the terms of two agreements : (i) agreement between the CEC (Commission of the
European Communities) and CHECIR (CHErnobyl Center for International Research), under Ukranian
patronage, for which SERE is concerned by decontamination and rehabilitation strategy, (ii) agreement
between IPSN and IBRAE (Institute of Nuclear Safety [INS] of the Russian Academy of Science, Moscow),
for whom SERE operates under theme 4, concerning verification of models, cartographic data systems and
measurement in accident environments. The present document only deals with work undertaken as part of the
last agreement

A collaboration protocol between IPSN and IBRAE was signed in Saint Petersburg on 2 June 1991. This
agreement contained various points, including the following concerning radioecology: (i) sampling and
measurement of o, § and y radioactivity in soil and plants, (ii) modeling and validation of the models by
comparing them with on-site data in the fields of radionuclide migration in soil and transfer to the food chain.
Other work is planned, for example in the fields of electronic cartography and y spectrometry methods for

Russian Academy of Science Sg:;l:inationm'easurmg t suu

JE— . I A
: CEC LTy e < ural " | For many years, IPSN/SERE has also
i Brussels ! 3 -i“.__brana_:_l}.." been collaborating in the field of
S "t ¢ Kyshthym | radiochemistry ~with  the  Bcole
M;a\_tak. Polytechnique Fédérale de Lausanne
\ -} (EPFL), Switzerland, particularly as

Belorussia . g i ""I concerns measuring  strontium 90
QT8 . . .
\NRV using chemical separation and P

T TS Chemobyl measuring techniques. Th‘e Lausan.ne
] team were thus the obvious choice
Ukraine Kiev . .| when SERE needed to take strontium

{ CHECIR

measurements on  their Belorussian
samples.
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Once a definition of the joint work planned had been established (in particular by Messrs. Arutyunyan and
Picat), several missions were undertaken in France, Russia and Belorussia by Messrs. Gavrilov and Colle on
the samples and measurements, and by Messrs. Kanevski and Fache on the implementation of predictive
moadels. Messes, Friedli and Colle also met to tackle the problems of using radiochemical techniques for
measuring strontium.

2. Sampling, measurement and observations

2.1. Sampling

Soil and plant samples were taken near the village of Dzerjinsk in the Narovlya region (hence the sample-
identifying letters NRV) of the Gomel district. The sampling area is located 35 to 40 kilometers North-East of
the Chemobyl plant. Although the village was not evacuated after the accident, radionuclide deposit is
significant, of the order of one million Becquerels of Caesiumn 137 per square meter, according to our
measurements. Considerable variation is found both in the deposits and the types of ecosystem {natural, semi-
natural and cultivated) fogether with a variety of soils, plants and types of cultivation. 7 cm diameter soil
samples were taken to a depth of approximately 20 cm, the standard depth accepted by the UIR (Union
Internationale des Radioécologistes). These samples were then fractioned into I cm thick sections for

uncultivated soils and 2 cm thick Sampling Type of soil Plant

for the rest. Plant samples were point .

taken in the immediate proximity — NRv 26 Uncultivated permanent meadow grasses

of the soil samples. The plants {former garden rich in organic matter)

sampled were clover or grasses,  NRpy 31 Uncultivated permanent meadow clover + grasses
depending on what was available at  NRy 34 Cultivated temporary meadow clover

the time of sampling. (quasi-uniform radionuclide concentration)

2.2. Measurements and observations

¥ measuring on the various samples was performed at Cadarache and strontium measuring was performed in
Lausanne, IBRAE undertook gammametry measurements in situ.

1PSN performed the laboratory measurements

for the principal gamma-emitting Table 1: Total deposit of cesium 137 (kBq/mz)
radionuclides on all the soil samples brought Sampling Laboratory In situ In situ/lab.
to Cadarache. The total deposits per m? in point measurements | measurements 2 ratio
table 1 were extrapolated from measurements NRV 26 130 80 0.60
on all the soil samples taken on the various NRV 31 850 700 0.80
sites. IBRAE used a sensor located 1 meter NRV 34 ] 640 620 0.98

above ground level, together with 2 ! Total verticai proiiies measured by IPSN

calibration curve to measure the total quantity 2 Overall measurement 1 m from ground level, recorded by IBRAE
of cesium 137 deposited. As Table 1 shows,

this simple, in sitw method gave good results, particular where cesium distribution was uniform. In contrast, it
underestimated the deposit somewhat (20 to 40%) , when cesium was mainly concentrated on the surface.
Figure 1 (concentration curves as a function of the depth of the center of each section) shows results of ¥

measurements for cesium 134
Figure 1 - Cesium and strontium concentrations in two soils and 137 on the 1 cm soil
from Nerowlya versus depth sections from samples NRV
e NRV2EGLI3 26 and 3@ taken from
A B o vasenss uncultivated soils after the
Chemobyl accident, together
R O with the results for P
. - L T mvstoe measurements on  strontium
EE e ———— NRV3t 550 90 at sampling point NRV
% e e e 31. Given the uniformity of
gg L“"-—&-_u\:_il*“::“w——“”/h‘* the soil due to the cultivation
4 RS Sl WA N e B .- methods used, soil NRV 34
BREE éf’ﬁ"‘-ﬂ was not used for studies on
T\f the migration of

- b - - radionuclides.
2 i 2iasadaeig Concentrations of cesium 134
Depth fem are approximately ten times
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weaker than those of cesium 137 {end October 1991, which is the equivalent of a ratio of 2 in May 1986) to a
depth of approximately 12 em. Beyond this depth, the presence of previcusly deposited cesium 137 due to
faltout from Chemobyl increases this factor of 10. Vertical distribution of cesium 134 and 137 concentrations
are parallel and similar, proving that migration is linked to the element cesium and not a function of the 134 or
137 isotope . Although cesium deposition was approximately 7.5 greater at point NRV 31 than point NRV 26,
figure 1 shows that the two vertical concentration profiles do not have the same slope and that downward
migration was greater in former garden NRV 26, at least to a depth of 14 cm. This is undoubtedly explained
by the nature of the soil and the presence of organic matter (peat) that tends to diminish the sorption
ceefficient of cesium in soil, and consequently to increase downward migration.

Strontium  measurements were carried

out bth. il‘ledﬁ in Lausanne, It will be Figurs 2"; &‘“::V.;c‘: :lrf;l:t:ur?”c::::;mllom

seen that the "strontium-NRV 31" curve ° < vere

in figure 1 has the same general teto

appearance as the "cesium-NRV 31" o 3

curve. Figure 2 combines curves for \

cesium 137 and strontium 90 for | 37 o -

sampling point NRV 31 on a log-log 2 a \‘\

graph. These curves have a similar :gi » o *

slope. This suggests that the retention " \_‘D\ teeean] |
and migration behavior of strontium is nbhu%%\mn © KRV 3L Ses0
similar to that of cesium, for NRV 31 ! o

soil type. ' m.nwm m

2.3. Transfer to plant cover .
Table 2 shows the results of measurements for cesium on clover sampled at points NRV 31 and 34. The figure
also shows the soil-plant transfer factor, in kg dry soil/kg dry plant matter, calculated using the average soil

concentration over 20 cm, . L. . .
Table 2 Cesium concentration in soil and clover + associated transfer factor

Although the representative

nature of this average is open to oN}?:V' faolr frl:;i?fi
uestion for point NRV 31, non-umform iform
:]vhere distribfﬁon was  very Radionuclide Soil! Clover? Ft? Soll  Clover> F¢
uneven, the transfer factors are EZCS 3,200 210 0.066 2,000 100 0.050
nevertheless of the same order Cs 300 24 0.080 190 10 0.053

of magnitude as one another and 'Bq/kg dry soil  2Bq/kg dry matter kg dry soil/kg dry matter

those given in the literature®

Table 3 shows results for soil—>grass transfer at points NRV 26 and 31. If transfer factors remain within the
norms for NRV 31, they should be greater by a factor of 100 for NRV 26. This difference cannot be explained
by counting errors, that never exceed 10%. Moreover, the resulls have also been confirmed by IBRAE, who
obtained practically the same

) . Tahle 3 Cesium concentration in soil and grass + associated transfer factor
values. A lentative explanation

of this difference might be in NRY 3 NRV 26

terms  of  resuspension  of uncultivated old garden

radionuclides and their Radionuclide Soill Grass? Ft? Soilt Grass?® Fi3

redeposition on  plants. This 137¢s 3,200 220 0.066 425 3,100 7.3
134 300 23 0.076 40 300 7.3

phenomenon may play a part, but
further study of the differences is Ba/kg dry soil  *Bq/kg dry matter kg dry soil/kg dry matter
certainly needed.

3. Modeling and validation

A predictive model for the migration of radionuclides deposited on soil, CATHY, has been developed by H.
Maubert {2] [3]. In brief, the model describes the dispersion of an interactive solution (adsorption-desorption)
in a porous medium,

The model (equations and parameters) is established using the following simplifying hypotheses : sclution
equilibrium between the solid and liquid phases exists and is reached very rapidly, this equilibrium, expressed

* UIR 1987 [1] Soil-to-plant Transfer Factor : Cesium sandy soil Clover 0.06 (dry weight)
Grasses 0,15 (dry weight)
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by the sorption coefficient, K, is
constant in time and space and
independent of the total quantity
of solution present, the soil is
permanently water-saturated, the
seepage velocity is constant
throughout the observation, the
diffusion coefficient of seepage
water in the soil is constant and
independent of depth.

**Note : The sorption coefficient
of soil in place, K; s
dimensionless and is deduced
from coefficient K, commonly
obtained in a closed (batch)

reactor, with the dimension kg -

dry matter : K; =1,33.K,,

Tax w0

-.Nb:
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Validating a predictive model is a difficult operation because various techniques and criteria can be used,
which include two distinct objeclives (a) testing a standard series of calculations described as a "code", (b)
scientific study of the validity of the fundamental hypotheses and the real value of the parameters.

Calculations were performed with standard conditions, i.e. K; = 500 for cesium and 20 for strontium, total

rainfall 600 mm per year and the estimated value of the amount deposited at end April 1986,

Figure 3 - Comparison obsarved / calcutated (standard parameters) concentrations of
cesium 137 and strontium 90 in soils from Naraviya

100000
10009
@ (Ohs, NRY 26 C1-137
g5 100 i ~{F— Ca]. NRV26 Cs-137 (standards}
EB g N
g E 100 sy % Obs, NRV3] C3-137
E s = st S
g h—"] P —] e -
% §__ ("] -‘1L_\' Cal. NRV3L C3-137 (swandards}
& 1o N ———k—— Obs, NRV31 §1-90
"‘-‘—ii——"“\
. t— —&—— Cal, NRV3| 590 (standards)
) | ) SR S
L O R
o e g Z oo =m oz ou
Depth (emj)
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Although our calculation results for standard conditions agreed reasonably well with the observations for
cesium, particularly for sampling point NRV 31 for the first few centimeters, the situation was quite different
for strontivm. In this case, the standard code overestimated migration to the extent that the surface
concentrations calculated were virtually nil, whereas they remained high in reality.

Both to account for the respective influence of each parameter and to oblain values that correspond to the
natural conditions encountered, the CATHY model was reused with non-standard parameters, in particular a
lower K; for NRV 26 to take the presence of peat into account, and a higher strontium K; for NRV 31, In this
last case, two values for the diffusion coefficient of seepage water in the soil were also tested: the standard
values and & value fifty times higher.The choice of adjusted parameters can improve the agreement between
observation and calculation, but only within certain limits. For example combining increased values for K
and D (fifth curve, figure 4} is a reasonable compromise, even though it does not succeed in explaining deep
migration, Some of the basic hypotheses will undoubtedly have to be revised to produce a new code that,
although perhaps more accurate, will also be more complex.

Modeling the soil—oplant transfer factor is normally a simple matter, The difficulty often lies in defining the
concentration of soil to be used, particularly where radionuclide distribution in the soil is non-uniform. A
predictive model using vertical distribution of cesium in soil and a notion of K3 would undoubtedly be more
efficient than the over-simple rule of three. The CATHY model could include a module for calculating soil-»
plant transfer based on the distribution of radionuclide concentrations in the soil and in rootlets absorbing the
soil solution. We need to find ways of expressing soil—soil solution—rootlet transfer that are simple and
general encugh to be applied.

Conclusions

Analysis of results gives rise to the following general reflections :

e the in situ y spectrometry messurements performed by the IBRAE are valid, even though they appear
somewhat to underestimate deposition where radionuclide distribution is non-uniform,

« the majority of radionuclides deposited remain near the surface with a regular decrease in concentrations
to a depth of approximately 15 cm,

& cesium migration in the soil of former garden NRV 26, which contained organic matter, is greater than in
the podzolic soil of NRV 31, af least to a depth of 14 em,

+ in the podzolic soil of NRV 31, strontium behaved similarly to cesium, for which 95% of the total
quantity present was in the first 5 centimeters, strontium being nevertheless present to a depth of 20 cm,

e in this case, the rehabilitation techniques used for cesium can be applied for strontium,

+  soil—plant transfer factors are close to those described in the literature [1], except for grasses at sampling
point NRV 26, where they were 100 times greater,

e this last difference can partly be explained by higher soil concentrations of cesium in the roots and a lower
K; than in the podzolic soil of NRV 31,

e the CATHY 2.0 predictive model gives predictions that agree well with observations for the cesium in the
first few centimeters, but not for strontium, for which the standard parameters must be re-evaluated,

¢ the diffusion coefficient of seepage water in the soll seems to be an important parameter. The standard
value of 1.107 m?/s appears overestimated since a value 50 times greater noticeably improves the
agreement between observation and calculation for strontium at point NRV 31,

¢ the value of the apparent K, is of the order of 500 to 600 for strontium and cesium at point NRV 31 and
200 for cesium in former garden NRV 26.
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Summary

The 5-year dose equivalent commitments for the first two 5-year periods after the reactor
accident at Chernobyl were estimated for two areas of study with different soil
contamination. In the first five years, internal doses several times higher than the external
doses were recorded for rural areas with a high proportion of home-grown produce in the
diet.

In the first five years the cumulative dose was smaller than 100 mSv at all locations and
only exceeded the average limit of 20 mSv per year recommended by the ICRP 60 for
persons professionally exposed to radiation in two locations in 1987. However, in both
cases the values were below the limit of 50 mSv per year recommended for any single
year. In the second five years, the cumulative dose was found to be below the limit of
20 mSv per year at all localities.

1. Introduction

In summer 1991, the Research Centre Jiilich carried out a measuring programme in
Russia on behalf of the Environment Minister of the Federal Republic of Germany in
order to determine the radiation exposure of the population and environment. Soil
contamination by Cs-134 and Cs-137 as well as the body burden of the population in the
districts of Kaluga and Bryansk were measured as part of the measuring programme /1/.

Applying simple models for the time course of soil contaminatior and body burden, the
5-year dose equivalent commitments from external and internal radiation were estimated
for the first two five-year periods after the reactor accident and assessed on the basis of
the limits recommended in ICRP 60.

2. Estimation of Internal Radiation Exposure
2.1 1991 Annual Dose

The annual dose H, can be calculated from an individual measurement of the body
burden A if it is assumed that the body burden is constant on an annual average. The
annual internal dose H,(1991) for the year 1991 is then given according to:

H, (1891y A - (DF) (1

with the ingestion dose factor (DF) of 4.0+ 10-2uSv/Bq * a for adults and the mixture of
Cs-134 and Cs-137 on 1.7.1991 /2/.

Using body burden data gathered as part of the measuring programme undertaken by the
Federal Republic of Germany, the annual internal doses H, (1991} were determined
from the averape ingestion dose for ten localities each in the districts of Kaluga and
Bryansk /2/.

2.2.  5-Year Dose Equivalent Commitments

The measuring programme of the Federal Republic of Germany was undertaken in an
area of study lying between the boundary to Byelorussia and Tula in the Russian
Federation. The radioactive soil contamination from Cs-137 in this area was between 1
and 30 Ci per km?, i.e. between 3.7 » 10¢ and 1.1+ 105 Bq per m? It was thus in the same
order of magnitude as the contamination values measured in the region of Berchtesgaden
in 1986 /2/. It would therefore seem appropriate to base an estimation of the ingestion
dose of the Russian population in the first two five-year periods after the reactor accident
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in Chernobyi on the time curve of the ingestion dose received by the population in
Berchtesgaden in the years 1986 - 1990.

By analogy to an estimation of the full lifetime equivalent dose in /2/, the five-year dose
H,(R) can be calculated

H, (R)

according to H, (R) = H, (B) - ) | )

with H, (R) = A - (DF), (1D
resuiting in the following
H(B)- O,

H, (B)
=C-A 3)

A is here the average ambient dose of the measured body burdens. For adults, C results
as the average of the C values calculated for men and women /3/ as

C, = 188 1st five-year period)
and C,=01 2nd five-year period).

3. Estimation of External Radiation Exposure

3.1. 1991 Annual Dose

The determination of the 1991 annual external dose is based on measurements of soil

contamination with Cs-137 f4/.

The method used by us for dose reconstruction is based, according to /5/, on the resuits of
more than 10,000 direct measurements of the external radiation dose vsing
thermoluminescence dosemeters implemented in areas with surface contaminations of 1 -
60 Ci/km? in the years 1989 and 1990.

The annual external dose H_(1991) is accordingly determined by the following simple
relation:

H,(R) =

A
H, (1991} = _E?_ - (DF), 4

where H_ (1991) is given in rem/a,

A in curie
Fin km? and the
surface dose factor (DF), in

rem - km?
a*Ci
The values of (DF), prescribed according to /5/ amount to the following for 1991:
rem * km?
a.) 0.013
a-d far villages and localities
outside those towns specified
inb.) and c.)
b.) 0.009 - for towns and administrative
centres
c.) 0.006 " for district capitals.
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Using the values measured within the framework of the measuring programme of the
Federal Republic of Germany and given in /4/ for soil contamination with Cs-137, the
annual external doses H,, (1991) for ten locations each in the districts of Kaluga and
Bryansk /3/ were determined by equation (4).

3.2 5-Year Dose Equivalent Commitments

Since the element caesium, and thus also the isotopes Cs-134 and Cs-137, is strongly
absorbed on clay minerals in the soil /6/, it is still largely present in the uppermost soil
layers. In the case of undisturbed rurai soils no reduction in soil contamination going
beyond the natural decay rate of about 8 % per year is to be expected.

However, in town environments and with the application of s0il decontamination
methods annual decreases in soil contamination of up to 30 % per year are possible /7/.

In our estimation of external radiation exposure in the two rural areas of Kaluga and
Bryansk we assume a decrease of 10 % per year and thus remain on the safe side.

Starting from the measured values for soil contamination in 1991 and the annual external
doses calculated from them, the time course of the annual external dose was estimated
using

H,=H, ¢ )
p

qQ=1+—-
100

where n is the year and p = -10 % is the decrease of the external dose per year, and the
five-year equivailent dose commitments for the first two five-year periods were calculated.

4, Results
The results are summarized in Tables 1 and 2.

It can clearly be seen that the residents of localities in the Kaluga district received or will
receive considerably lower five-year doses than the residents of localities in the Bryansk
district.

It is further striking that for most locations the internal dose was greater than the external
dose in the first five-year period, whereas the external dose will be greater for all
localities during the second five-year period.

If the cumulative doses are assessed on the basis of regulations given by the ICRP in its
publication 60 /8/, see Table 3, then it is apparent that in all locations studied the
population received cumulative doses in the first five-year period below the limit of

100 mSv recommended for persons professionally exposed to radiation. However, in the
case of Unetscha and Weprin, the recommended annual dose of 20 mSv was clearly
exceeded in 1987 with values of 37 and 28 mSv respectively. Nevertheless, even these
values are far below the limit of 50 mSv per year recommended for single years.

In ICRP 60, a limit of I mSv per year, i.e. 5 mSv per five-year period, is recommended for
the general public. This value will only be slightly exceeded in one locality in the Kaluga
district in the second five-year period. In contrast, in the Bryansk region there are a
number of localities where this value is clearly exceeded. It is recommended that the
population living here should be monitored medically and dosimetrically in the same way
as persons professionally exposed to radiation.

Recommendations for setting up the required medical facilities are given in /9/.
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Table 1: Total dose commitment to adults in the first two five-year periods after the reactor accident
in Chernoby! in some places of the district of Kaluga

1. five-year dose mSv 2, five-year dose mSv
place population | external| internal| sum external | internal | sum
Chwastowitschi 5500 0.5 2.7 3.2 0.3 0.2 0.5
Dudorowski 1200 3.0 6.7 9.7 1.9 0.4 2.3
Jelenskij 2300 7.8 8.5 16.3 40 0.5 5.4
Kolodjassi 500 7.2 4.2 11.4 4.6 0.2 4.8
Krasnoje 2000 0.2 4.5 4.7 0.1 0.3 0.4
Kzyn 200 3.8 2.8 6.6 2.5 0.2 2.7
Ljudinovo 45000 1.1 1.6 2.7 0.7 0.1 0.8
Schisdra 5400 0.8 1.6 2.4 0.5 0.1 0.6
Uljanovo 2000 3.3 1.7 5.0 2.1 0.1 2.2
Wotkino 325 2.1 3.1 5.2 1.3 0.2 1.5

Table 2: Total dose commitment to adults in the first two five-year periods after the reactor accident
in Chernobyl in some places of the district of Brjansk

1. five-year dose mSv 2. five-year dose mSv
place population external| internal| sum external | internal | sum
Guta-Koretzkaja 600 21.6 24.6 46.2 | 13.9 1.3 15.2
Kivai 1650 8.4 5.5 13.9 5.4 0.3 5.7
Klincy 80000 3.0 2.1 5.1 1.9 0.1 2.0
Lopatni 1400 7.4 18.2 25.6 4.8 1.0 5.8
Malaja Topal 780 5.4 3,7 9.1 3.5 0.2 3.7
Pestschanka 480 1.6 9.3 10.9 1.0 0.5 1.5
Roschnij 1200 12.2 24.6 36.8 7.8 1.3 9.1
Unetscha 260 111 78.1 89,2 7.1 4.2 i1.3
Uschtscherpje 1600 12.7 34.1 46.8 8.2 1.8 10.0
Weprin 250 23.8 46,4 70.2 1 15.3 2.5 17.8

Table 3: Recommended dose limits [8]
dose limit
application occupational public
effective dose | 20 mSv per year 1 m8v
averaged over 5 years
<50 mSv in any single year
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ORGANIZATION OF A REHABILITATION WORK CENTER FOR

A CONTAMINATED SITE OVER A LARGE AREA

M. Jacques PENNEROUX
Atomic Energy Commission (France).

Abstract ;

A rehabilitation work centre for a contaminated site over a large aera, and the complexity of such a
centre, will require the setting up of a very imporiant organization, strict and inevitably thought out
ahead, because it is likely to last for several months, if not several years. |l must take into account, in
paricular :

The installation of several hundred workers, and an important depot of decontamination equipment
and civil engineering devices ; .
The stock of waste produced and its evacuation (the volume can be important).

A great number of French and foreign documentation treats decontamination techniques for radioactivity
in the environnement, and the organization of a response team at the reaction phase.

Very few papers treat the organization of a rehabilitation centre.

This is the object of this document.

1. Reminders :

Further to an accident of a radiological character, the following three phases can be noted :

the reflex phase (or immediate reaction phase) ;
the reflective phase (or analysis phase of the situation) ;
the rehabilitation phase,

1.1 The reflex phase :

Corresponds to :

the setting up of first assistance {fire, medicatl ...) ;

the transmission of the alarm to civil authorities (and evenlually to military authorities) ;
the marking out of the contaminated ares ;

the assessment of the fallout charts ;

first release to the press ;

starling evacuation of people from the contaminated zone.

1.2 The reflective phase ;

This phase corresponds to the analysis and stabilization of the situation.

a) The analysis corresponds essentially to a diagnostic, that is to say .

specifying the source term ;

assessing the radiological risk by analysing the results of measurements already carried out on the
field and in the environment, and by studying risks of contamination which has been deposited on the
ground being transferred elsewhere ;

determining the trajectory of the cloud and its associated fallouts. This determination can be carried
out with the help of calculation codes, and can also be made during the reflex phase. Delimitation is
specified by an air mapping system, and by in situ measurements ;

gathering together specific information of the damaged site : types of dwellings, road network,
farming, agriculture, vegetation, hydrographical networks, demography, medical and hospital
infrastructure, etc ...,

defining or confirming the action levels which are to be considered as being indicative intervention
tevels allowing for the determination of counter measures as a whole which are necessary as first
actions for rehabilitation ; ,

setting up permanent radiological surveyance of the site and environment.
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b) The stabilizing of the situation corresponds essentially to the following actions :

- ensuring the functioning of all security posts : fire, guarding, transmissions, etc ... ;

- organizing command posts, as well as entrance and exit of personnel and equipment for Intervention
in the contaminated zone ;

- finishing evacuation operations of persons in the contaminated zone and ensure their medical and
radiological follow up ;

- finishing marking and guarding of the contaminated zone ;

- limiting the radiological consequences of the accident by temporary containment of contamination
deposited on the ground and other surfaces ;

- determining decontamination technigues which are to be set up ;

- starting to give out information to the public, which must be done as soon as possibie.

2. O[gariization of the repabilitation work site.

The reflex phase and the reflective phase having been carried out, it is then possible to start the
rehabilitation phase itself, wich corresponds to counter measures fo be taken to restore all, or part of, the
area affected by radioactive deposits {(agricultural ground, dwellings, various buildings, ...} which has no
radiological risk to human beings, that Is {0 say, to bring back contamination levels to pre-established
values {or values guides ). These criteria can eventually be adjusted by competent authorities (in France
the SCPRI (the ionising Health Physics Centre) advised on by the National Commitiee of Medicat
Experts).

The rehabilitation work site will consist of (annex 1) :

- an outside command post ;

- an advanced zone situated at the frontier of the contaminated zone ;

- anoman's land or security zone ;

- the contaminated zone which has to be cleaned up.

To describe this in more detall :
a) The outside command post :

‘Globally manages all rehabilitation operations for the damaged site.

Has missions to ;

- contro! the rehabilitation operations, in liaison with national authorities and the advanced command
post ;

- organizes the release of information.

For this, there are severals units : }

- a command unit which advises the person responsible for ail rehabilitation operations on the site and
who controls organization of the cufside command post ;

- atransmission unit, which ensures the liaison between the local and different national autharities (civil
and military} and with the advanced command post. it controls the different transmission means and
frequences ;

- a unit for anticipated operations, which establishes the work projects, bearing in mind fixed priorities,
the weather forecast, the type of land, the work already carried out, the evolution of the radiological
situation. This unit is composed of : a "weather forecast” office, in liaison with the National Weather
Forecast Office ; a "land-study" office, which is in charge of hydrological studies of the land (points
where water collects, nature of land ...) further to information from maps given by specialized
services ; an "evaluation of results and work prevision” office , which establishes the rehabilitation
work plans further to reports given by work sites and research done by other different offices ;
a "waste management" office, which controls ail problems ijinked to packaging of waste, and
provisional or definitive storage of these wastes ; a "radiological situation” office, which keeps up to
date the radiological situation of the site and its environment further to measurements carried out on
the contaminated zeone and outside the contaminated zone.

- a unit which controls the personnel, equipment and provisioning of water and energy to the work site,
This unit is composed of ; a "budget accountability” office which controls the budget and ensures the
accountability of the site as a whole ; a "personnel” office, which is In charge of organizing the
recruiting of specialized personnel, according to the needs of the site, and which centralizes the
follow-up of personnet on the medical side, on the radiological side (results of analyses, tests ..)), and
on the professional side (time spent working in contaminated areas, rest periods, holidays ...) ; an
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"equipment” office, which ensures the purchasing and follow-up of material necessary for the good
function of the work site, and in liaison with the "budget accountability" office ; an "energy-water”
office, which controls the supply of energy (hydrocarbures and electircity) and water to the site ; a
"free zone" which controls the supply of food, of organizing lodging for the personnel (in liaison with
civil and military authorities), and organizing transportation for personnel.

a "public relations information” unit ensures the release of information to public authorities, local
candidates and the population concerned, the general public and the media. This mission, of capital
importance in the management of & crisis caused by a radiological accident, must be considered as a -
permanent concermn for the responsible authorities. This unit is composed of : information for public
authorities" office, whose work it is to wrile out technical and operational reports to be sent to
ministerial authorities, both civil and military. It also has to organize visits for important persons o the
site ; a "public relations" office, which centralizes information concerning the site, in liaison with the
other units, draws up press communications and organizes their release, prepares periodical press
conferences, ensures information is given to personnei on site ; a "coordination of information” office
which verifies the compatibility of information from the different organizations and controls the correct
refease and interpretation of the communiqués.

b) The advanced zone (annex 2).

This is an area near the contaminated zone which must be placed a-weather to dominant winds.
The necessary means as a whole for the functioning of the different sites are present in this zone, which
includes :

An advanced command post, which ensures liaisons with the outside command post and which
coordinates the functioning, security and aclivity of the different sites. It is composed of a
"transmissions” office, which ensures the permanence of fiaisons with the outside command post and
with the site as a whole {release of alarms, communications linked to the work : work and security
frequences), |t is indispensible to insist on the importance of quality given to transmissions between
the different intervening parties on the site : this is a priority. A "work organization" office which
organizes, from decisions given by the outside command post, the distribution of tasks between the
different teams. it establishes daily a report on work carried out. An "equipment” office which keeps
up to date the availability of the personnel and equipment, It centralizes the requests for material
necessary ; a "waste" office which controls all problems related to the freatment and storage of
waste produced (in accordance with decisions taken at the outside command post) ; an "oulside
security” office, which ensures the technical surveyance of the site by a video network or by
obeservers.

A control and security post which ensures the protection of the contaminated zone and free zone
against any penetration of non-entitled persons (24h/24h).

A group for storage, maintenance and preparation of materiais, which is composed of ; a team in
charge of storage and distribution of materials, fuel, water ...) ; a team for preparing eguipment,
maintenance and repairs (personnel specialized in mechanics, electronics, transmissions) ; a
"research” team to develop, in liaison with the staff working on the site, all equipment adapted to the
speciality of certain work,

A storage area for packaged waste.

A teaching site to train the staff for work in the contaminated area, particularly for cerlain work which
necessitates preparation or training.

A radiological control unit, whose work it is to carry out and analyse tests made on personnel,
equipment and the environment, to follow up in real time the dosimelry of the intervention team. This
unit is composed of : a radioactivity analysis laboratory which treats only urgent analyses. The other
tesis are sent to specialized laboratories ; mobile heaith physics teams to ensure the surveyance and
sampling on the field.

A medical centre, which : ensures the daily follow up of the personnel working in the contaminated
zone as well as in the nearby non-contaminated zone ; gives first aid in the event of injuries, and
ensures, if necessary, evacuation to the nearest hospital.

A centre for treating contaminated clothing.

A free zone, which regroups all the necessary means for meals and for the relaxation time for
personnel working on the site.

¢) The no man's land zone.

This zone is made up of :

An intermediary zone for the control and deconlamination of staff and equipment before their transfer
to the advanced non-contaminated zone, and the contaminated zone.
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- A security zone around the contaminaled zone in the event of contamination being extended. its size
depends on weather conditions at the time, and nature of the ground . This zone includes ; an area for
personnel control, an area for equipment control, and an area for waste treatment (annex 3).

d) The contaminated zone {(annex 4).

The confaminated zone is divided up into a certain number of work sites or areas of activity for which the
nature of the work will depend on : contamination levels, nature of the ground, relief and imposed
priorities.

Each of the work sites will be fitted out for each particular job : a temporary centre for waste produced,
an improvised decontamination centre situated near the sites, and a working area.

An area for temporary storage of all waste produced, while awaiting their packaging, and an area for
storing and repairing contaminated equipment will be fitted out near the contaminated site.

It Is important to note that the decontamination techniques set up must imperatively consider the
problem of waste produced and so be thoroughly investigated so as to limit to a maximum the guantities
of waste produced. The waste comes most particularly from the decontarnination of the ground, but aiso
from the work area : used clothing, effiluents, equipment, etc ..,

The supply of energy and water to the different sites will be made either by a system of cables and
pipelines coming from the non-contaminated advanced zone, or by tanks or drums and generating
plants.

The access to the work sites will be made by vehicles or by foot, and following a marked route, The
vehicles will be parked, at the end of the day, In a special car park situated nearby the contaminated
zone. :
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WASTE MANAGEMENT OF CONTAMINATED AGRICULTURAL
PRODUCTS AFTER RELEASE OF RADIOACTIVE CESIUM
FROM NUCLEAR PLANTS

E. Bayer®, T. Haug, M. Kutubuddin* and H.-J. Reinecke
Department of Organic Chemistry” and Isotope Laboratory,
University of Tilibingen, CGermany

summaxy

A procedure is described by which it is possible to dissolve and
concentrate radiocactive cesium from contaminated agricultural pro-
ducts after thermocatalytic conversion and, therefore, substan-
tially reduce the amount of radicactive waste.
The thermocatalytic low temperature conversion in the range of
280°C to 380°C converts biomass (in this case whey powder)_ to oiil,
fatty acids and coal. After the conversion the initial 34¢cs ana
7cs activity is entirely found in the coal. Cesium is extracted
with water or aqueous solvents from the coal and is subsequently
separated from the liquid with potassium iron (III) hexacyano
ferrate (II) {Prussian blue). This procedure allows a
decontamination of the whey powder up to 98 %. The resulting
radioactive waste contains no fermentable organic compounds, so
that a subsequent waste treatment causes no difficulties. The
method deecribed here is effective, economical and requires
ninimal apparative design. Moreover the other resulting products
can easily be disposed, or can be used for other purposes.

. oduc

After the Chernobyl acgident 1n May 1986, +there existed a
considerable amount of agricultural products contaminated with
radionuclides in Germany {1]. Contaminated milk was mainly found
in southern Germany. Since by milk processing the main part of

ce and 137cs remains in the whey, contaminated milk was pre-
ferably worked up to milk products like butter and cheese. 5000 t
of contaminated whey powder (initial specific activity of cesium
about 5000 Bqg/kg) posed a problem for the waste management in the
Federal Republic of Germany in 1987.

Using a special method, the whey powder was decontaminated in the
following vyears [2]. For decontamination the whey powder was
dissolved in water and the radioactive cesjum was separated using
the technique of ultrafiltration. However, using the
ultrafiltration method a complex process was required to prevent
the building of secondary membranes in the whey concentrate.

Therefore we applied another procedure for the decontamination of

whey which we present here., The decontamination is carried out by
the low temperature conversion of the whey powder to coal followed

by an extraction with water or aqueous solvents and the selective
?dsorption of cesium on potassium iron (ITI) hexacyano ferrate
I1) [3-6].

o EX

The process of decontamination consists of three steps as shown in

Figure 1. .

100 to 500 g of the coontaminated whey powder was converted
thermocatalytically in an oven for discontinuous low temperature
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Whey powder

Low temperature conversion (300~380°C)

¥ v
Reaction 0il Gas
— = - - B Coal water y

[ Extraction with water or
aqueous solvent

| ¥
Contaminated Decontaninated
! solution (extract) coal

Adsorption on potassium iron (III)
| hexacyano ferrate (II)

v ¥
Lq Decontaminated Contaminated potassium iron
- — solution (1II) hexacyano ferrat (II)
(extract) (radiocactive waste)

Figure 1: Procedure for decontamination of biological mate-
rial (whey)

conversion at 300-380°C [3]. The proteins and lipids are converted
into oils, fatty acids, coal, water, and a mixture of gases con-
taining ammonia and carbon dioxide. Carbohydrates are converted
into coal which is the main product.

The coal is then ground and stirred in water for several hours and
filtrated. In some cases various amounts of acids are also added.
The contaninated solution (extract) is subsegquently applied di-
rectly to a column (1 x 10 cm) filied with 1 g potassium iron
(IIT) hexacyano ferrate (II), which selectively adsorbs cesiun.
The extract is allowed to run through the column with a flow rate
of 40 to 100 ml per hour. The capacity of the potassium iron (ITI)
hexacyano ferrate (II) (purchased from the Heyl company} is
agcertained by activity determination using a neutral solution of

Cs,

The activity of 134¢s and 137cs containing samples is ascertained
in polyethylene bottles with a HPGe semiconductor detector (40%
efficiency) from EG&G Ortec company. The efficiency is determined
using calibrated standard solutions from the Physikalisch
Technische Bundesanstalt.
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3. Results
3.1. Low temperature conversion

By the 1ow te:?erature conversion, the whey powder (about 1.€
kBg/kg Tes; CS/ 4cg (5:1) at the time of investigations) is
converted to the following products shown in Table 1.

Table 1: Conversion products from 500 g (700 ml) whey powder
conversion temperature, 380°c; conversion time, 3 h;
the values are given in %.

Conversion products Volune Weight
Reaction water 19 28
0il 6 7
Coal 46 46
Gas mixture - 18 *)

*) The value is determined from the difference

After the thermocatalytic conversion of whey powder, the initial
cesium activity is totally found in the coal. The 137¢s activity
in the other conversion products is below the detection limit of
0.2 Bg of the applied measurement procedure.

Decontamination of the coal increases with the conversion tempera-
ture as shown in Table 2. Tc compare the result of decontami-
nation, a decontamination ratio is defined. The decontamination
ratio is the ratio of 137Cs activity of the contaminated aqueous
solution (extract) and 137¢s activity of the whey powder.

Table 2: Dependence of the decontamination ratio on the conversion
time and temperature.
Activity values are based on 100 g whey powder;
extracting solvent, water; volume, 150 nl; ratio of
water/coal, about 3.5:1; extraction time, 20 h.

137¢g Conversion Conversion 137¢s Decontami-
{whey) temperature time (extract: nation ratio
(Bg) (°c) (h) (Bg)
161 300 3 132 0,82
157 350 3 140 0.89
154 380 3 146 0.94°
160 380 5 145 0.93

3.2, Extraction

The decontamination vratio depends on the chosen ratic of
water/coal. The results are shown in Table 3.
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Table 3: Dependence of the decontamination ratio on the amount of
water.
Activity values are based on 100 g whey powder; extrac-
tion time, 20 h; conversion temperature, 350°9C; conver-
sion time, 3 h.

137¢s Water coal 137¢s Decontami-
(whey) {extract) nation ratio
(Bg) (ml) (g) (Bg)

165 40 46.5 131 0.79

166 70 46.5 140 0.84

165 100 46.5 142 0,86

157 150 45 140 0.89

157 200 45 141 0.90

157 300 45 143 0.91

Extraction time has also an influence on the decontamination. More
than 80 % of the 137¢Cs activity is extracted after a short time.
If the coal is stirred in water for 5 h up to 3 days, the
decontamination ratio will be increased from 0.84 to 0.96.

Additionally, the influence of different concentrations of hydro-
chloric acid in the extracting solvent on the decontamination is
investigated. The results are shown in Table 4.

Table 4: Dependence of the decontamination ratio on the HCl1 con~
centration of the extracting solvent.
Activity values are based on 100 g whey powder; extrac-
tion time, 20 h; solvent/coal ratio, 1.5:1; conversion
temperature, 380°C; conversion time, 3 h.

137¢g HC1l concen- pH-Value 137¢s Decontami~
(whey) tration of (extract) (extract) nation
the extrac- ratio
{Bqg) ting solvent (pH) (Bgq)
164 H20 10.3 138 0.85
164 0.001 N 10.0 140 0.85
164 0.01 N 9.8 140 0.85
164 0.1 N 9.5 139 0.85
i64 1.0 N 5.3 156 0,95

By repeating the extraction procedure using 1 M hydrochloric acid,
the decontamination ratio can be increased to 0.98.

The influence of the complex forming organic acids on the deconta-
mination is investigated in other experiments. Using an aqueous
extracting solvent containing 10% organic acid (acetic acid,
tatratic acid, or citric acid), a decontamination ratioc of > 0.90
is resulted. Extraction using hydrochloric acid results in the
highest decontamination ratioc of 0.97 as shown in Table 5.
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Table 5: Dependence of the decontamination ratioc on different
acids.
Activity values are based on 100 g whey powder; extrac-
tion time, 20 h; solvent/coal ratio, 1.5:1i; 10% acid;
conversion temperature, 380°C; conversion time, 3h.

137cs ©  acids used pH-Values 137¢g Decontami~

(whey) in the extrac- extrac~ extract (extract) nation
ting solvent ting ratio

{Bq) solvent (Bg)

150 acetic acid. 1.6 4.5 13¢ 0.92

150 tartaric acid 1 3.5 137 0,91

150 citric acid 1.2 4.7 139 0.93

150 . hydrochloric <0 <0 . 1486 0.97
acid

3.4. Removal of the radiocesium

More than 98 % of the %37cs activity of the contaminated extract
of 2000 g converted whey powder is retained on the column filled
with 1 g potassium iron (III) hexacyano ferrate (II). The cesium
capacity amounts to about 100 pmol cesium per g of potassium iron
(ITI) hexacyano ferrate (I]).

Because of the additional extraction of organic and anorganlc
salts of the coal, the capacity of 1 ¢ potassium iron (III)
hexacyano ferrate (II} is diminished after eluting contaminated
extracts of 2300 g of the converted whey powder.

iscus

2 kg of whey powder can be decontaminated with 1 g potassium iron
(III) hexacyano ferrate (II).

The specific 137¢s activity of potassium iron (III) hexacyano
ferrate (II) (decontamination ratio 0.94) amounts to 3 kBg/g, and
the decontaminated coal to 0.1 Bg/g. - The value for the release
of the coal amounts to 50 Bg/g 137¢s according to 10”%-fold of the
exemption 1limit of "“Anlage IV Tabelle IV 1, Strahlenschutzver-
ordnund (BRD)", and 6,2 Bg/g for weak radioactive waste according
to Wirth [7]. Therefore, the coal can be recycled without
problems. - Using this decontamination process a weight reduction
of the radioactive waste of a factor 2000 is achievable.

The great advantage of decontamination via low temperature con-
vergsion is the simple extraction of cesium from the coal and its
adsorption on potassium iron (III) hexacyanoc ferrate (II). Since
the low temperature conversion converts organic compounds of the
whey powder such as proteins into coal, o0il, water and a mixture
of gases, the coal now contains no organic compounds which might
disturb the decontamination procedure. Because of the volatility
of the cesium, combustion or pyrolysis at higher temperatures can-
not be considered for destructing organic substances. A substan-
tial advantage of the conversion method over pyrolysis is that the
formation of cancerogene aromatics, toxic acetonitrile, tar,
dioxins and volatile metals is avoided usihng the conversion pro-
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cess. Therefore, low temperature conversion, in the range up to
maximum 380°C, is the best method to release cesium from the
organic substances.

Beyond that, little water is needed since the aguecus extracts can
be recycled after the separation of the radiocactive cesium on the
column {Figure 1). However, after several extractions, the in-
creasing amount of salts in the extract leads to reduction of the
capacity of potassium iron (III) hexacyano ferrate (II). These
salts c¢an be removed from the recycling process using an
additional mixed bed ion exchanger. An additional advantage is
that the low temperature conversion can be applied to other agri-
cultural products or waste and sewage sludge as well {4].

In contrast to the decontamination by ultrafiltration, this
decontamination process can be carried out in small facilities at
low cost. In addition, the side products of the low temperature
gonversion such as coal and oil can be used for energy production.
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AGRICULTURAL SOILS DECONTAMINATION TECHNIQUES;
METHODS AND RESULTS OF TESTS REALISED NEAR
CHERNOBYL

Henri MAUBERT, André JOUVE, Naoll MARY
Institut de Profection et de Streté Nucléaire, Département de Protection de
I'Environnement et des Installations., IPSN/CEA, 13108 St Paul lez Durance, France
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Centro de Investigaciones Energeticas, Medioambientales y Tecnologicas,
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Summary

After & major nuclear accident, decontamination of agricultural soils would be necessary in order to
reclaim the land. Specific techniques were studied in the framework of the European program for
Rehabilitation of Soils and Surfaces after an Accident (RESSAC). Different ways to remove the top layer of
soils are described, and especially the use of Decontaminating Vegetal Network (D.V.N.} combined with
spraying of organic polymers.

Real scale tests in the 30 km zone around the Chemobyl nuclear power plant showed that it is possible to
achieve an excellent decontamination of agricultural fields (decontamination factor greater than 95%).

1. _Introduction

Although every precaution has been taken in France and more generally in the Western world, during the
design, construction and operation of nuclear reactors, the possible occurrence of serious accidents resulting in
a considerable discharge of radicactive products into atmosphere cannot be completely ruled out. It has
therefore been considered necessary to draw up emergency plans to protect the population against the effects of
such accidents,

As regards the actual accident phase and the period immediately following it, these plans are already
operational, The French authorities have also studied a Post-accident Action Plan to be applied over a longer
period following the accident. Its purpose is to facilitate a return to normal living conditions in the areas
affected.

The program for Rehabilitation of soils and Surfaces after an Accident (RESSAC) is aimed at collecting
technical data related to the transfer of radionuclides and the methods required to reach the above-defined
objectives, It is supported at the national level by the Institute of Nuclear Protection and Safety (IPSN) which
provides the main source of finances. At international level it is one of main Radioprotection programs of the
Commission of the European Communities. Many countries are actively involved in this research including
Belgium, Italy, Spain, Greai-Britain and Germany. The program started in 1985, that is to say before the
Chernobyl accident occurred.

In the framework of an agreement between the Commission of the European Communities and the states of
Russia, Ukraine and Belarus, a collaboration with organisations from these three Republics is now operational.
The operator in the 30 km zone around the Chermnobyl power plant is the CHECIR (Chernobyl Centre for
International Research). This collaboration program is often referred at as the CEC/CHECIR Agreement. It
allowed to test on a real scale some of the methods investigated.

2. Rehabilitation method

In this paper we will only discuss the possibility of soil decontamination, i.e.actual removal of top soil
layers by physical methods. The most immediate method for top soil removal is to use public works
machinery. However there are undesirable side effects: it is very difficult to remove thin layers that way, it
makes contaminated dust, it may reduce the fertility and a tremendous amount of wastes are produced. After a
nuclear accident most radionuclides of interest penetrate very slowly into the soils [3]. Techriques allowing to
cover the soil and then to remove only a thin layer (1 to 3 ¢cm) were developed They include the use of
Polyurethane foams and strippable paints, wich has been described elsewhere [4].
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These actions will generate wastes. It is therefore necessary to implement in the field some sort of
pretreatment allowing a reduction of mass and volume along with some extraction of the radioactivity under a
liquid form easier to concentrate, Microbial digestion is investigated to perform this work.

In this paper two original methods will be discussed:
Decontaminating Vegetal Network (D.V.N})

. This method uses turfing plants producing a mat layer over the soil which may be removed together with a
soil layer, by means of a sod harvester. The principle of the D.V.N is to grow grass onto the contaminated
area without tillage of the soil, on a cchesive support which will allow a fast and good growth of the plaats
with a dense root-network able to entrap the contaminated soil particles [5].

The procedure is derived from existing techniques of hydro-seeding which allows to sow sod seeds
together with a growing medium made of a mixture of peat, polysaccharides, fertilisers and water. This
technique is used to grow grass to prevent erosion on ski tracks, highway sides... It may facilitate the
operational scattering of the D.V.N especially respecting radioprotection criteria. The hydro-seeding mixture
may be applied by helicopter at a rate of 0,3 km?/day.

Fig 1 : PRINCIPLE OF THE DECONTAMINATING In the second step,
VEGETAL NETWORK the D.V.N. is
removed together with
the T or 2 first
COHESIVE SUPPORT centimetres of the soil
- invaded by the root-
network, which
contains the most part
__ DEPOSIT of the contamination
T—— (fig. 1). Since the
resuspension problem
is partly solved by the
D.V,N, and assuming
that the migration rate
in the soil prefile is a
slow  process, the
D.V.N can remain on
the contaminated soil
\ for a quite long period
-------- 1, DEPOSIT of time (about I year)
without adverse
consequences for the
success of the
rehabilitation. On the contrary, time favours the grass growth and may be used to organise the harvest of the
D.V.N. with a turf cutter. These machines already exist at a moderate cost.

TUARFING PLANTS
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The third step will be the storage or the decontamination of the D.V.N. This technique allows to remove a
soil layer of minimal thickness, according to decontamination ratio to reach. Therefore the waste volume will
be limited. The main part of the waste is organic and could be treated by bio-degradation.

Gels of organic polymers

The possible use of different soil stabilisers for land reclamation and cleaning, on the basis of
manufacturers and application data has been discussed before [6]. These soil stabilisers include polysaccharides
which are expected to have electrochemical affinities with Cs and Sr, and polyacrylamides used together with
polysaccharides as soil conditioners in modern agriculture.

The first step of our work was the selection of different soil conditioners or algal cultures according to
their affinity for caesium and strontium in agueous solutions. In a second step the selected compounds were
tested in different application trials: mixed to the soil, sprayed on bare soil surfaces or on plant leaves. These
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tests were concluded by finding an interesting soil conditioner for both preventing the soil particle
resuspension and allowing the removal of the first millimetre of the contaminated soil by mechanical brushing
without dust. It is called PR 3005 and is commercialised by the SNF Floerger! firm. It is a reticulated anionic
poly-acrylamide. It may absorb 500 times its weight of water, and, at concentrations below 1 g/kg it is fluid
enough to be sprayed by agricultural sprinklers such as those used for pesticides. The concentration of PR
3005 in water is 0,7 %, it is equivalent to 13g/m?. The cost of PR 3005 is 20 FF/kg.

Its use for rural soils decontamination is protected by a French Patent.

After spraying on the soil it makes a gel film. This film may be removed by a brushing machine such as
those used for street cleaning. If the deposition is recent, good decontamination ratios may be achieved.

But, perhaps, the main advantage of this technique is the drastic reduction of resuspension and wind
erosion.

Another advantage is a momentary prevention of radionuclides transporl by runoff, That may be of interest
to prevent a rapid contamination of water bodies.

3. Tests in Chernobyl

Within the framework of the CEC/CHECIR agreement it was decided to test both techniques of
Decontaminating Vegetal Network and Organic Polymers near Tchernobyl, in the 30 km zone. The scientific
organisations involved were:

+  For EC the Institut de Protection et de Streté Nucléaire (France, Cadarache) and the Centro de
Investigationes Energeticas Medioambientales y Tecnologicas (Spain, Madrid).

+«  For CIS, The Department of Geography of the Academy of Sciences of Ukraine, and the Institute of
Cell Biology and Genetic Engineering both in Kiev.

A mission was done in May 1992, and a radicactivity concentration profile was determined in Bourakovka.
It showed that the bulk of the radicactivity is located in the first five centimetres. It proved the feasibility of
top soil layer removal for decontamination,

Another mission was done In June 1992, A turf harvester and all the suilable equipment was shipped to
Ukraine. Two locations were selected, Chistogalovka, and Bourakovka, both West from the reactor within &
10 km distance. Chistogalovka is the most contaminated place. The soil is a pedzol of saady texture. The
locations were chosen in agricultural fields abandoned since the date of the accident, in May 1986. During this
peried the fields have mainly been colonised by Agropyrum Repens a Graminacea which root system is
perfectly adapted to the removal by a turf harvester.

Experimental method

The surfacic radioactivity of soils was measured before and after the passage of the turf harvester. A
surface of 10x10 cm? was cut on a depth of 5 cm. The depth of the biade was set at 5 cm also.

After the experiment the samples were divided in two: one half for the EC labs, one half for CIS
laboratories, in order to make a comparison of results. Gamma spectrometry and strontium 90 measurements
were to be made. At present we only have gamma spectrometry results for the samples brought back in EC,

Each of the 500 cm? samples taken back was divided in 5 sub-samples, each of them was being counted on
a Ge gamma detector, with a determination of the radioactivity of caesium 137 and 134,

H A is the surfacic radioactivity before cutting, and B the surfacic radioactivity afler cutling, the
decontamination efficiency is determined by the formula:

Decontamination efficiency = A/(A+B)
In this methed of calculation, the radioactivity included in the soil below the first 10 cm from the initial

ground surface is neglected. But we can see from the soil radioactivity profile, and from the results in table 2
that this an acceptable approximation.

1SNF Floerger, 41 rue Jean-Huss, 42028 St-Etienne, Cedex 1, France
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Results

The first results based on caesium determination showed that the decontamination efficiency was greater
than 95%. A more detailed analysis was then undertaken for all the radionuclides detectable by gamma
spectrormetry. The preliminary results are shown in table 1. A determination of 908r is being done but we do
not have the results at this time.

Table I : Surfacie radioactivity of samples (10x10x5 ersd) before and after top layer cutting in tw
locations; (Bq/100cm?3); counting uncertainty < =+-10%

137Cs 134Cs 60Co 106 1258b 144 154Eu 241Am
_ Ru+Rh Ce+Pr

CHISTOGALOVKA 20640 1510 34 2858 341 3168 262 148
Before cutting
CHISTOGALGVKA 192 15,5 0,49 23 7,2 11 0,98 1,3
After culling
BOURAKOVKA 3933 290 13,7 336 55 352 30 24
Before culling
BOURAKOVKA 116 10 - 15 35 11 1,2 -
Afler cuiting

Table 2 : Decontamination efficlency of turf cutting (%}

CHISTCGALOVKA 99 . 98 98 99 97 59 99 99
BOURAKOVKA 97 96 - 93 93 96 95 -

From these results we can assess that the method is very efficient. If we take for example an area where the
137Cs contamination is 40 Ci/km?, which was taken by the Soviets as a relocation level, a decontamination
efficiency of 97% would bring the surfacic radioactivity down to 1,2 Ci/km* (44400 Bq/m?). That value is
below intervention levels in CIS {7].

A countermeasure such as deep ploughing [8], also investigated in the framework of CEC/CHECIR
agreement, could then dilute the radioactivity in 1000 kg of soil by m?. Therefore the concentration of 137Cs
in soils would be around 44 Bq/kg of soil. For barley on sandy podzolic soil; Alexakhin [7] gives a transfer
factor of 0,2, Notwithstanding the further use of countermeasures such as adequate fertilisation, the
radioactivity of grain would then be around 9 Bq/kg, which is more than 100 times below the EC
commercialisation levels.

More results from our colleagues from CIS should confirm these assumptions. The area that could be
treated that way exceeds 60000 hectares,

After the top soil removal, there is a risk of resuspension for what is left of the radioactivity. Then the
spraying an organic gel solution will eliminate that risk at & very low cost. An experiment was done in order
to measure resuspension with and without organic polymers application.

Waste treatment

The amount of wastes generated is about 35 to 40 kg/m2. It could have been much less if the intervention
had been done shortly after the accident, but the Chernobyl disaster occurred 6 years ago. These wastes are
made of soil particles and organic matter mixed together.

The technical means for the treatment of this contaminated matter should be as simple as possible,
excluding options like chemical treatment, incineration, not adapted to huge quantities. Natural biodegradation
of the organic matfer contained in the wasles will occur without human intervention, if the residues are stored
in an adequate manner.

Thé rolls of soil and grass were put in a hole and isolated from the surroundings by a plastic liner. This
hole was then filled with water and covered. It is expected that microbial degradation will break the organic
cells walls and liberate radionuclides. Metabolites such as acids and chelating agents could help the
solubilisation of radioactivity, Our Ukrainians colleagues will make a survey of the evolution of the
experiment, When appropriate, the liquid phase will be extracted and treated for example on ion exchange
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resins to concentrate and immobilise the radioactivity in order to put it to a radioactive waste disposal site,
The remaining solid matter may be isolaled from the environment by geotechnical barriers, such as those used
for wranium tailings.

Possible developments

Although this year's experiment is not fully completed we think the we have an efficient method for the
decontamination of agriculfural soils around Chemobyl. However our present equipment is to small to
undertake large scale rehabilitation. Plans were made to build a large turf cutting machine, fully automated,
driven by a tractor and pouring the residues in trucks. This machine would be equipped with adequate
radioprotection devices in order to reduce the irradiation of workers.

After turf cutting the growth of a new plant cover could by enhanced by the technique of hydro-seeding,
That would also prevent resuspension and runoff.

The wastes could be gathered in provisional treatment sites, and after re-concentration and such reduction
of mass and volume that can be achieved at a reasonable cost, immobilised by means of geotechnical barriers.

Within the CEC/CHECIR program, a cost-benefit analysis of these possibilities is being done as well as a
feasibility study.

4. Conclusion

After a nuclear accident the possibility of rehabilitating heavily contaminated fields does exist. In
Chernobyl, the contaminated areas are so large that it is still a great financial and industrial problem.

In the case of an accident on a nuclear power plant equipped with a containment building and a sand filter
the radionuclide release would be much smaller than in Chernobyl. From safety studies, only areas below
distances of a few kilometres downwind from the reactor would need heavy rechabilitation such as vegetation
clearing and top soil removal; it would then be very possible to use the methods described in this paper. In
this eventuality the results of the RESSAC program and the CEC/CHECIR agreement show that it is possible
to mitigate efficiently the consequences of a nuclear accident.
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EXPERT CONSULTANCY IN AN EMERGENCY, BY
IDENTIFYING THE REQUIREMENTS OF THE PUBLIC
AUTHORITIES

Jacques NEY
institut de Protection et de Sareté Nucléaire, Département de Protection de Environnement
ot des Installations, Cenire Technique de Crise - IPSN/CEA B.P, 6 - F92265 FONTENAY AUX
ROSES CEDEX

Summary

This document sefs out the main objectives of expert consutancy, indicates the maln
characteristics of appropriate methods and describes the associated flow of information. it
attempts to [dentify the maln scientific and technical areas of competence of the experts,
while also emphasising that expert consultancy In an accident situation Is a true profession,
and implies special fraining.

1. Infroduction

In the nuclear domain, the existence of Centres of Expertise working with public authorities is
the result of a need expressed by the public authorities and a demand on the part of the
general public. it has been thought necessary to have access to the opinion and advice of
experts who are independent of the operator, and even of the public authortles, In order to
appralse an accldent situatlon and the actions carrled out by the operator, forecast its likely
development, and prepare for the decislons which must be made by the public authorifies
relating to protection of the population and the environment,

It should be noted that the specification of tasks appropriate to a Centre of Expertise does
not diminish in any way the regulatory responsibliities of the operator.

2. The requirement of public guthorities for expert advice

The speclfication of requirements on behdlf of the public authorities should be clear and
complete, in order o determine the range of skills which will be required to provide the most
appropriate opinions and advice.

In the accldent phase (from the occurmence of an abnormai situation giving rise 1o o risk of
extemal releases of radioactivity to return of the Instaliation to a state referred to as "safe”,
that Is where thera is no further sk of significant release).

- the authorlty responsible for monitoring the safety of the installations must be capable of
verifiing that actions undertaken by the operator are In fact almed at minimising any
exlsting or potential release of radioactive materials.

- the authority responsible for the protection of people and property must provide
protection for the population, and must therefore Install counter-measure o provide
immediate protection and to reduce the rsks to which those sarvices who have to take
action on the ground are exposed.

Monitoring of the operator, which may last from several hours to as much as several days,
must be accomplished in real fime.

The seting-up of counter-measures which require between 6 and 12 hours to Install,
depending on the site and the season, should be started as quickly as possible, since the risk
of significant releases s gredtest within a period of 24 hours In most cases.
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The quality of the advice given is Important, since some of the resulting actions will be
ireversible and difflcult to atter.

- {which lasts for as long as normal life has not been re-established
in the vicinity of the affected Installation), the public authortles must arrive at decisions
conceming:

- the counter-measures put In place during the accldent phase (additional actions,
maintenance or not of contalnment, etc),

- consumption, marketing of agricultural and food products. water, efc,

- the actions to be undertaken in order 1o reduce the risk of transferring contamination
liable to Increase the hamful consequences for health or the environment,

Moreover, they must:

- monitor the progress of the actlons undertaken by the operator, and adapt or medify
them If necessary,

- provids the general public with the information necessary for the welfare of some and
Qs reassurance for others,

- reduce the health conseguences for those working In the affected areas.

The resolution of all these problems becomes even mora difficutt as the situation Is worsened
or exaggerated by the media, and as national or infemational politics complicate the
declsion-making process.
It Is therefore vital that technical advice should come from agreed experts who are as
Independent as possible,

3. The main alms of expert consuttancy
The requirements of the public authortles stem from the various objectives, and these must

be established by the experts before they are in a position 1o formulate opinions and
advice.

Ihe accldent phase

in this phase, the objectives are:

- rapid assessment of the severity of the situation,

- a diagnosis of the state of the installation, together with an examination of the actions
underiaken by the operator,

- a forecast of how the sliuation is likely develop, and an estimate of the associated
relecse, :

- caleulation of the radioogical consequences associated with this release, taking
account of the weather forecasts,

- proposals for counfer-measures fo give immediate protection, and for the preparation
of resources aimed at optimising rehabllifation activity.

Ihe post-accldent phase

in the course of this phase, the alms must veer toward:

- arapld intial assessment based on the real-lime monitoring of the consequences of the
release, associated with survelllance of sensitive points,

- proposal of remedial counfer-measures tallored to deal with the results being obtalned
during this Initial effort,

- satisfaction of local demand for G more detailed overall appraisal of the contaminated
areq, up to the Imits of the zone which has been affected by deposits leading to a
concentration In products of radioactivity in excess of the limits regulating product
marketing,
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proposal of counter-measures to minimise the health and economic consequences
resulting from contamination of the environment, with the aim of asslsting the work of
rehabilitating affected land.

4, Expert consultancy - appropriate methods

Exercises and tralning have Indicated that special methods and tools must be developed in
order to affain the objectives of the expert consultancy system, and in order to meet the
time constralnts imposed by the very short setting-up period.

These methods and tools should take the form of assistance with diagnosis of the state of an
installation, help with forecasting the progression of this state, and support In declsion-
making regarding the forecasts of radiological consequences and assessment of the
appropriate post-accident counter-measures,

Specification of the most suitable methods and tools for the crisls situation will enable the
areas of knowledge needing to be covered by the expert service to be assessed, and will
also allow precise specification of the Interfaces (responsibilitles, Information, communication
resources, etc.) to the varlous participants such as the public authorities, the mediaq, and so
on, and will thereby enable the nature of the information which will be passing through
these interfaces to be discoverad.

The advantages of this approach are particularly notable for any interfaces of a technical
nature (operator, weather service, environmental services, efc.). The specificity of the
infoermation expected by the experts requires special preparation of these services, based
on sultable crisls management and methodology.

5, Expert consultancy and areqs of knowledge

It is possible 1o identify six areas of knowledge which must be covered by expert consultancy
In respect of a serious accident in a nuclear power reactor:

- operation of the installation,

- transfer of radicactive poliutants in physical media,

- transfer of radioactive pollutants in living media,

- health consequences of radiclogical orlgin,

- radiological measurement methods and equipment,

- technical methods for soll decontaminatlion.

The range of this knowledge Is extremely wide, with disciplines ranging from medicine to
meteorology. where all experts must have a good knowledge of the nuclear business and of
the adaptation of thelr particular disciplines 1o this fisld.

In order 1o obtaln expert advice on the safety of instaliations, the public authorities have set
up organisations with responsibility for applylng the regulations. These organisations include
experts which forrn the main source of expert advice In an accident situation, However, In
addition to the speclalisation which thelr qualifications imply, special crisls training s also
needed and continuous training is essentlal.

It should be noted that training on specific methods and tools, particularly when they
concern the use of computers, appears to be difficull to achieve In a consistent fashion
across alb of the expers invoived In nuclear accldent consulfancy. When computer
equipment is essential either for accessing Information or for calculation work or for using the
results, the setting up of a permanent team with goed knowledge of the evaluation
methods and the support tools can prove to be Indispensable In order to assist the experis in
thelr work and to ensure continuity of results from sampling work,

Of course these teams will be able to performs effective work only if staffing levels are
assured right from the moment when the expert centre Is set up.
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6. Expert consuttancy and information

Whether in the accldent or post-accldent phase, the objective-related time constraints and
the necessity to employ special methods Imply that the experts must acquire technical
information in real time, that this can be intemogated locally (operator, state services), and
thaf they are aware of the declsions made by the public authorities and the manner in
which they have been implemented.

This also assumes that In each of the places from which information is obtained, the experis
at nationat level will have designated contacts who are qualified, and who are freed from
ali operational tasks (decision or action), and that the managers of the expert groups should
be In possession of suitable resources for fransmisslon of their advice and recommendations
to the decision-makers (telephone, facsimile, message service, computer cartography, etc).

During the accident phase, the Information required by the experts will come from a limited
number of sources (operator wedther service, préfecture). Most of the technical Information
will be avallable on computer (the power station computer or the weather service
computern) and can be fransmitted by computer iink. Other Information will have to be sent
by fax.

During the post-accldent phase, however, since one of the maln characteristics of
information flow i3 the very large number of participants at national level, the
communication resources must be able to cope with this. Use of computer communications
and computer processing seems to be a good way 1o solve this problem,

The centralisation of measurements Is Imperative. Validation at national level is essential in
order 1o be able to determine the feasibllity of prohibitive counter-measures and on the
necessity to Introduce dispensations in the marketing area, on the need to get food supplies
from abroad, etfc.

Z.Expert consultancy and communication

Adaptation of the communication network to sult the crisis organisation is vital of course.
In this organisation, one can identify:

- the Decision Cenires,

- the Action Centres,

- the Expertise Centres.

If one assumes that each decision centre has action cenires and expertise centres, then one

can make rules for organising Information transfer,

- The expertise centre should be able to assemble all infermation coming from its decislion
centre and the associated action centres.

- The expertise centres must be able to talk directly to each other, for the exchange of
information and oplnions.

- The expert centres will send out official advice only through the assoclated decision
centre.

This information transfer scheme can only be effective if the eqguipment at each unit
(expertise centres and decision centres) i as homogeneous, reliable and advanced as
possible. ‘

Only a network of special dedicated lines, dimensioned In order to ensure the corect
exchange of information (speech, fax, etc), and reserved exclusivell for use by the expertise
organisation, will ensure an adequate degree of reliabiiity,
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8. Expert consultancy and tralning

it has dlready been emphasised that the experts must recelve speclal fralning, to complete
their area of knowledge, in order ensure that there Is homogeneity In each of the expert
domalns concerned, and In order that a high level of expertise should exist in the
management of serlous accldent stuations and In appropriate methods of analysls.

it is obvious howsver that only perlodic fralning will be possible In the places which will be
uses in a time of crisis, with the tools made avaiiable, using exercises adding intemal and
extemal interfaces to allow them to prepare themselves in an effective manner.
Nevertheless, If one targets these exercises on certaln parts of the system, this can result In
effective testing and good awareness training - alarm testing. team-assembly testing,
equipment testing, tralning In the use of equipment and methods, and so on.

National exercise, with the benefit of the experience galned from these tests, will just be
more representative.

Experience shows that preparation of such exercises is very expensive in terms of pesople and
fime. The partial exercises are the more so for their necessary repetitiveness. Safety exerclses
involving operators and experts and simulating the accldent phase take about two man-
maonths of preparation and as much agaln for evaluation. Natlonal exercises which bring
into play all of the state services, though without a great deal of deployment on the ground,
require about one man-year of preparation, and the same for evaluation, Since the sefting-
up times for these are 2 months and 1 year respectively, the time required for analysls is
much the same.

it can also be added that before calling In services such as installation safety, weather
forecasting, situation evaluation, and so on, It will be necessary to have tested each of these
areas by means of partial exercises, and that experts should have anaiysed all new
interfaces In order to have learnt the appropriate lessons.

2. Conclusion

in order to deal with ¢ crsls situation, it Is not enough to Install a suable organisafion. It ls
also necessary to have available groups of experts, professionals in the crsls situation, who
are recognised as such by the operators and the state authoiities and who are capable of
supplying advice which Is comprehensible to the public authorities.

Their expert advice will be dependent on spacific evaluation methods which have been
prepared and tested in cooperation with the operator and the relevant state services. In
most cases, they will acquire the assoclated information in real time.

Expert consultancy cannot be provided effectively uniless the necessary human and
hardware resources at the different decision centres are selected, tested and Installed
beforehand.

Only exercises, with appropriote support scenarios o suit the set objectives, will enable the
degree of preparedness for a crisis to be correctly assessed.
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ORGANISATION IN CASE OF CRISIS IN A RESEARCH CENTER

MC TAMAS T PINEIRA

Centre d'!'Etudes Nucléaires de Fontenay-Aux-Roses
BP 6 -~ 92265 Fontenay-aux—-Roses Cedex - France

BUMMARY

In case of crieis, the own means of establishment ars put in activity
according te Internal Energency Plan (in french PUIL}.

The preesent paper talks about the PUI of a Nuclear Center having only
nuclear "laboratories".

It particulary develops @

- complementarity with exteriory means actions (such
us fireman...)

- environment first controle : organization, means, etc...
being incumbent on establishment.

INTRODUCTION

France has defined, for her nuclear industry, a very
strict preventive organisation ;so everybody, operators and
safety authorities, has to take care and keep out of any type
accident.

Nevertheless, each poblematic case is systematiccaly
analyzed and French Nuclear Research Center get arrangments
wich are collected in an internal emergency program {French
denomination for this is being ®YPUI" wich means "Plan
d'Urgence Interne").

"PUIY term is common in every nuclear installations,
whatever their importance and activities may be. Eventhough
all these electro nucleary power stations look very much
alike, the Research Centers may defer from one to another. Any
"pUIM" exposes what to do in case of crisis but the main poins
defining the way to applicated the plan ought to differ.

PRESENTATION OF "CENFAR"
Situation

The Nuclear Research Center in Fontenay-aux-Roses,
"CENFAR" is built in two parts ("Fort" and "Annexe") separated
by a public way and stoocd on a 13,8 ha surface, in Fontenay-
aux-Roses urban area. It is some one hundred meters away for 3
other towns : Clamart, cChatillon-sous-Bagneux and Le Plessis-
Robinson, and also about 1 km away from Bagneux, Chatenay-
Malabry and Sceaux.ks.l)
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Also really lose to Paris Notre-Dame (9Km), the center is
3,4 Km distant from Paris ring-road.

This reduced area gathers 70 buildings of different
importance, 4 of them are Basic Nuclear Installations Y“INB".
Because ot the reduced area, some of buildings, even the “INB"
ones, are quite near of YCENFAR"'s limit and of the suburd
habitations.

Activities

The most important INB regroups mainly chemistery
laboratories, which concentrate their work on research,

including work on reprocessing ~only for "cooled"
combustibles-, analyses and manufacture of transuranium
sources.

The 2 other INB collect, condition, store and process
radiocactive wastes.

The fourth and last one 1is being cleansing before
dismantling.

NB : there has been no more nuclear reactor in the Y"CENFAR"
for years

CRISIS BITUATION

Hypothetic accidents

Studies of accidents, eventhough they are hypothetic and
.very unlikely, have shown that the less negligible probability
would be gaz or aerosol digpertion outside of the buildings,
due to a fire on a large part of the WINB". The eventual
effects would not spread over more than 1 km around the area,
whatever the importance of the accident, but the mediatric
repercussions would be immediate.

To note than "“ecriticity", even though it has been
considered, would carried a minor enission in the
environnement, because of the small dguantity of product
concerned.

Particularities and important points

Analyzing an hypothetical crisis sjtuation shows some
contradictory points at first =sight, but needing to be
considered.

They are :

. the materiel consequences (pecple or goods) of an
accident would be very small.

. & dispersion out of a building can extend over the
environnement very dguickly given the size of the CENFAR,
but the guantity would be also very small.
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. the neighbourocught would immediatly be warned, even
there is only appearence of abnormal situation.
. therefore media would be also warned.

. mediatic consequences could be very important.

INT AL EMERGENCY PROG E _~PUI

Conception and aplication of the "PUIY

Refering to the rules wich shall be applicated, "PUI"™ is :

. a descriptive document (organisation in a normal
situation, in case of crisis means...),

. a practical document for people or units thats need to
interfere. This part of the document is made of "reflex
slips".

Refering to the YCENFAR" and given what was explained
before (urban situation and size of the center), an abnormal
situation would impose very fast activation of YPUIY, and
would just as fast involve the environment, which even would
imply post accidental actionmns.

In any this case, preventing these series is not mainly
the result of maintaining the installation in "safe leading",
even then this situation is starting, but depends overall on
the efficiency and rapidity of specialized units. In fact, in
case of fire the "safe situation" is the folling back, of
course avoiding secondary accidents, wich 1is under the
responsability of the installation's chief, but, above all,
the firemen have to limit its spreading and subdue it.

Besides, even if the fire is subdued very dgquickly, the
interference itself causes damage to the building's
"harriers", Jjust only due to comings and goings of the
security groups (firemen, healthphysicmen...)

It is, then, necessary to control the environment without
any delay.

That's why :

. first, "PUI" set itself going progressevely (while than
word "declenchement" seams to be a sudden modification
in men's actions).

. then, the role of the Local Security Group (FLS)
~firemen~, of the Healthpysic Unit, particularly of the
Environnement and area Radioprotection Section (SRSE) is
to be underlined.
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Consequently, hot only the reflex slips are divided in
units and types of interventions, situations, contréls... but
they also applie to any abnormal situation. If anything (tell-
tal s=ign, person) witnesses the presomption of an accident,
"FLS" would immediatly warns operating units, which would
follow their own rules, exposed on the reflex-slips.

Three different persons can decide whether to establish a
Local - Command Post "PCL" depending on the importance, the
nature and the evolution of the situation : installation's
chief, FLS's chief and healthphysic unit's chief. In the same
way, the Center's Director decides whether to create the Local
Direction Command Post "PCDL" which means activation of the
1] PUI " -

Specialized units are acting by themselves while the "PUI“
is not activated but, also, they are the knot of different
staffs: Control Staff "EC", Crisis Technical Staff W"WETCY,
Movement Staff "EM" who becomes official at the same time than
the "PUI"'. However the task of the personnels do not change.

"ECT"'s role is +to help the installation's 1leader on
technical points {ventilation, distribution network..)

"EM" takes care of logistics.

"EC", which is then the new name of "SRSE", has a prime
role : it must collect and interpret all the radiological and
meteorological measures.

This organisation could be symbolized with a. triangle;
each top would be "EC, PCL and PCDL" (s 2).

The datas collected are transmitted from "PCL" to "“EC" and
back, and then, the two to "PCDL" the redondance is another
security for transmission.

Activation of outside means in case of fire

In case of fire, the first unit concerned is the
specialized unit, which may alsoc need outside assistance. This
decision has to be taker by FLS's chief, following the “PISE"
(outside assistance intervention programe). This assistance is
given by "Paris Firemen Brigade - BSPP" located in Plessis-
Clamart.

It is to be noticed that "BSPP" intervenes inside the
installations where the Center's Director assumes the
responsability of actions, and of their consequences, but
else, the mobile group for radiological intervention "CMIR" is
constitued by a part of the BSPP'members and it can be
activated in environment, on the Prefect's decision, in case
of Intervention Particular Program "PPI", Moreover, in this
case, the Prefect may decide to put the General (BSPP'chief)
or his representative at the head of the Advanced Command Post
11} PCA" -



Environmental Impact of Nuclear Installations 509

Ways to act on the CEN-FAR'area and for the environment

S8ix control stations transmit their datas to the
environment control board "TCE" (s 1) +in real time, under the
control of the YSRSE", as well as 4 light vehicles, equiped,
or canning be equiped, which communication, measurement and
sampling tools. One of the cars can also analyzes the samples.

Light wvehicules were prefered to heavier ones, with
elaborated means, because, given the urban trafic in this area
and the limited concerned surface, they can-carry easily the
datas back to be analyzed in labs, either to the center, or to
Saclay center if labs!"CENFARY" are inaccessible (Saclay is
only 15 Km distant from FAR).

WSRSE"'s leader decides whether to use those vehicules as
soon as there is a doubt about a rejection or a dispersion on
the site, therefor in the environment, following pre-
established advance, given the meteorological conditions -
mainly the direction of the wind. There are 18 different
routes around the center (according to sectors distant of 20°
each) on which are located particular places. To each place
corresponds a serie of measures and samples to do, and a code
for transmission to the lab, to prevent confusion ' while
collecting and analyzing the datas. As soon as the "PUI" is
activated, the tasks of each group cannot change; they can
only be ordered to come back in case of false alarme. However,
they may be modified in case of PPI; Prefect, having the
responsability of actions on environment, may, then, give
other directions

This activation, which may seen early is due to the
location of the "CENFAR"., It is obviously necessary to give
fast informations, to evaluate the conseguences  as close as
possible of the reality. It has been sihiown, after having
studied all the possible cases of accident, that it would
never bhe necessary to evacuate even part of the population.
But it is to be prouved such as accident will to stay in the
forcasted limits, ans then to convince responsible authorities
for the final decision.

CONCLUSION

WCENFAR's PUI" is made to answer to the specific needs ot
the center. Consequently, it is and it has to be, different
from the electronuclear power stations of EDF or from some
other research centers of CEA, or COGEMA's establishments.

It is then important that the rules to their elaboration
can be adapted to each case, and not a real transcription.
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ORGANISATION EN CAS DE CRISE
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MONITORING RADIONUCLIDE EMISSIONS DURING
CONTAINMENT VENTING

R. Hock, G. Rébig

Power Generation Group (KWU) of Siemens AG, Depts. R26 and R262,
Berliner Strasse 295-303, W-6050 Offenbach am Main,

Federal Republic of Germany

Summary

At the request of the Technische Vereinigung der Grofkraft-
werksbetreiber (VGB)}, an association of large power plant
operators, Siemens has developed a system for monitoring and
documenting the emission of radicnuclides in the event of a
beyond-design accident in which pressure buildup in the
containment necessitates containment venting. The monitoring
system complies with the recommendation made on November 4,
1987, by the German Commission for Radiological Protection (S8K)
and has since received positive evaluation. The paper describes
the requirements to be met by the monitoring system, its design
and operation, as well as the current stage in system planning
and installation at German nuclear power plants.

1, Introduction

In response to recommendations made by the German Reactor Safety
Commission {RSK), all light water reactor (LWR) nuclear power
plants presently in operation in Germany either have been or are
presently in the process of being backfitted with filtered
containment venting systems. The purpose of thesgse systems is to
limit pressure buildup in the containment in the event of a be-
vond-design accident by wventing air and steam from the contain-
ment to the plant environs through a filter system.

The new emissions monitoring system provides nuclide-specific
monitoring of radioactive materials discharged during filtered
containment venting, broken down inteo the following nuclide
groups:

~ Aerosol-bound radionuclides
- Non-aerosol-bound (gaseous) iodine isotopes, and
- Radicactive noble gases.

The data on emissicn levels determined in the event of contain-
ment venting are mainly intended to serve as a basis for imple-
menting emergency response actions and as accurate accident
documentation.

2, Monitoring System Requirements

The gas flow to be monitored is a mixture of air, water wvapor
and other gases, the composition of which may or may not change
considerably in the course of venting. Pressure, temperature and
relative humidity of the monitored gas flow depend on
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whether samples are taken from the venting system discharge line
or downstream of the venting system inlet into the stack after
the venting system exhaust air has mixed with the plant exhaust
air flow (Table 1). A main factor governing the design of the
monitoring system is the maximum activity concentration
occurring in the vent gas flow in the initial phase subsequent
to initiation of containment venting during a core melt acci-
dent. Table 2 shows the design requirements in this regard de-
termined on the basis of the RSK recommendations of May 30, 19%0
(Appendix 1 of Report of the 253rd Meeting of the RSK) for two
types of plants, one equipped with a pressurized water reactoxr
(PWR) and the other with a boiling water reactor (BWR).

With respect to laboratory evaluation, activity loading of
aerosol and iodine filters should be limited to 1lE9 Bg. This

level allows measurements to be performed in the nuclear plant’s,

on-site laboratory using standard techniques.

The monitoring system should be controlled from the main plant

control room,

and should be designed for sufficient measuring

accuracy: deviation of measured values from actual values should

not exceed a factor of 3.

Table 1: Conventional Design Reguirements

Application pressure | temperature | relative hu-
in bar in °C midity in %

BWR containment venting 1 -2 approx. 130 < 100

PWR containment venting L - 2 approx. 130 < 100

PWR plant exhaust air 1 50 ~ 80 100

Table 2: Design Requirements with Respect to Concentration of
Radiocactivity (Bg/cbm)

Application aerosol- | non~aerosol- | radicactive
bound bound iocdine | noble gases
radio- isotopes
nuclides

BWR containment venting 1E11 3E1l BE14

PWR containment venting 457 7E9 1E13

PWR plant exhaust air 6EB 1R9 2E12
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3. Design and Operation of Monitoring Svstem

The discharge of radicactive materials during containment vent-
ing is monitored using a gamma dose rate monitor, an aerosol
monitor and an iodine monitor, as well as an aerosol and iodine
sampler (see Fig. 1).

In BWR plants, the gamma dose rate monitor is installed on the
venting system discharge line; this monitor measures the total
activity release rate, which is mainly determined by the noble
gas release rate, Since it is assumed that containment venting
at a PWR plant would not be initiated until several days after
reactor trip (in contrast to BWRs, where venting could begin
after four houxs), the gamma dose rate monitor at a PWR plant is
located downstream of the aerosol and iocdine sampler owing to
the low-energy gamma radiation of the radiocactive noble gases;
it therefore serves to monitor noble gases only.

The release rate of aerosol-bound radionuclides is monitored
using an aerosol monitor, and that of non-aerosol-bound icdine
compounds by means of an iodine monitor.

For control and backup purposes for these monitors, an additio-
nal bypass is also routed via aerosol- and iodine filters
{(sampler). The radicactive substances accumulated over the
entire venting period can be measured after the event. Due to
the fact that flow in this train is continuous and at a higher
rate the accumulated acitvity can be such, that it may be
required to either allow some decay time, or to evaluate the
sample in a specialized laboratory.

The monitors and the sampler, located in an appropriate com-
partment, are supplied with their gas flows via a bypass system.
The compartment is selected to achieve the shortest possible
sampling line length and to minimize the effects of background
radiation on the monitors. Also taken into consideration in the
selection of this location is the radiation exposure of
operating personnel when a loaded filter has to be transferred
to the plant laboratory for nuclide composition analysis.

4, Impcrtant Featuxes of Monitoring Concept

a., The sampling line system and the connected monitors and sam-
pler are thermally traced to prevent condensation and thus
reduce deposits. The sampling head is also heated in wventing
systems in which the gas flow is supersaturated with water
vapor in order to ensure rapid droplet evaporation.

b. The sampling line system design has been optimized to reduce
deposition of aerosol particles and elemental iodine (e.g. in
the case of elemental iodine through the provision of Teflon
surfaces). '

¢. RAerosol and iodine monitor throughput is low and residence
time is selectable, thus allowing samples to be obtained
which can be safely handled and evaluated in the laboratory.




514  Environmental Impact of Nuclear Installations

d. Noble gases are purged prior to sample transport and analy-
sis, thereby facilitating handling and significantly in-
creasing measuring accuracy.

e, Samples (i.e. the filter material from the aerosol and iodine
monitors) are transferred manually tc the radiochemical
laboratory for precise determination of nuclide-specific re-
leases according to the adsorption capabilities of the indi-~
vidual chemical compounds discharged (aerosol-bound radionu-
clides, elemental iodine and organic iodine}; the analytical
technigues to be employed under accident conditions are
practiced during normal plant operation in order to reduce
the stress factor for perscnnel.

f. Monitoring system operation is controlled from the control
room via a programmable control system housed in a control
equipment cabinet located at the sampler and monitors.

5. Supplementary Information on Aeroscl and Todine Monitors

In the aerosol monitor, the aerosol-bound radionuclides are re-
tained on a fiberglass HEPA filter and monitored by an Nal(Tl)
detector, which provides for integral measurement of the gamma
radiation emitted from the filter. The detector signals are
processed by the associated transducer to cbtain analog output
signals for "aerosol filter loading" and "aerosol concentration®
which are displayed and recorded in the main control room.

The iodine monitor is similar in design to the aerosol monitor.
A special combined filter unit (dual-bed filter) is employed for
iodine removal. In the first filter bed, elemental iodine is
retained by an adsorbent impregnated with potassium iodide,
while the second filter bed removes organic iodine by means of
an adsorbent impregnated with silver nitrate, thus allowing
elemental and organic iodine to be separately measured during
laboratory evaluation.

6. Planning and Backfitting of Emissions Monitoring Systems

To date, this emissions monitoring system has been installed and
is operational at one twin-unit LWR nuclear power plant in
Germany. '

Emissions monitoring systems have been ordered for three other
LWR plants and Siemens is in the process of planning emissions
monitoring systems for another ten LWR plants.
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RADIATION MEASUREMENT VEHICLES AND RADIOTRANSMISSION OF
DATA OF THE EMERGENCY SERVICE GROUP KXHG

H.Hauske, F. Stettner, Kerntechnische Hilfsdienst Gesellschaft mbH,
D-7514 Eggenstein-leopoldshafen 2

Summary

KHG maintains staff and equipment in order to assist the operafors of nuclear facilities in
case of an incident or an accident. In the frame of this tasks KHG runs three radiation
measurement vehicles which are equipped with all necessary devices for sampling,
measurements and communication to carry out the environmental emergency measurements
near a nuclear facility.

The mcasured\’;adiological data are transmitted by radio in form of a protocol to a radio lead
vehicle, The data are stored in a computer, A hard copy of these data is sent as telecopy to
the respective plant operator, This procedure avoids transmission failures and communica-
tion mistakes and decreases voice communication.

To improve the data transfer the reception antenna will be increased and an additional data
transfer system using mobile telephones will be established in the next future.

1. Introduction

On the base of Section 38 of the German Radiological Protection Ordinance KHG maintains
staff and equip- .

ment in order to
assist the opera-
tors. of nuclear FIG. 1:

facilities in case Accident training

of an incident or | measurements and
an accident. The

main objects of | [©1€COPY form
KHG are ra-
diation pro- (Nuctear power plants)

tection, decon-
tarnination  and
teleoperation. Gamma dose

An  important | Gamma dose rate

task in the frame | Aerosol activity {total heta)
of these objects | |13 Activity In alr

s to carty out | goyjgyf
the  environ- ace activity (total beta)

mental  emer-
gency measure-
ments near the
plant which are
fixed in German regulations (Fig.1).

For this job KHG runs three radiation measurement vehicles which are equipped with all
necessary devices for sampling, measurements and communication including radiotransmis-
sion of data.
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For communication with KHG crews and the plant operator KHG holds a special equipped
radio lead vehicle,

2. Radintion Measurement Vehicle

The newest of the three radiation measurement vehicles is a Mercedes Benz DB 710 D with
a Diesel engine of 70 kW (100 PS) and an optional four wheel drive. It is equipped with
four seats and its total weight is 3.7 tons. The ceiling's height inside is about 2 m in order to
enable the crew to stand inside the car during work.,

The sampling equipment contains

- 2 aerosol samplers (flow rate 55 m3/h),
- 2 Todine samplers (flow rate 6 m#/h),
- sampling devices for soil, plants and water.

For radiation measurements the vehicle is equipped with

- a low dose detector FHZ 600 A
{measuring range 0.01uSv/h - 1 mSv/h),

- various dose rate measuring devices,
* 6150 AD2 (0.5 pSv/h - 10 mSv/h),
* 6159 ADT (5 nSv/h - 10 mSv/h),
* Babyline 31 (0.2 pSv/h - 1 Sv/h),
* Szintomat (0.1 uSv/h - 0.1 Sv/h),

- a shielded aeroso] filter detector FH 650 E {15 mm Pb-shielding)
with evaluation device FHT 7000,

- 2 contamination monttors FHT 111F,

- a portable multichannel analyzer with shielded high purity
Ge-detector (40 mm Pb-shielding, efficiency 25 %),
connected with laptop and printer for data evaluation.

All measuring devices are battery powered. The samplers are operated by a power generator
(L.9kVA, 220 V AC) because of the high powerconsumption of these devices.

3. Communication and Radiotransmission of Data
For communication with the radio lead vehicle and others the radiation measurement vehi-
cles are equipped with radio and portable telephone. For transmission of data the radio

devices are connected with & laptop mcluding a special radio modem,

The radiological data collected in the environment by the measuring crew are input in a
computer form and checked on plausibility by the input program. The data are sent to the
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radio lead vchicle by a special transmission program (Fig.2). This program checks the

FIG. 2: Radiotransmission of data

——3 = Transmission by radio or moblia telephone

RMV = Radiation measurement vehicie RLV = Radlo lead vehicie

transmission for
failures and re-
peats  automati-
cally the trans-
misgion as re-
quired.

The sent data
are collected in
the laptop of the
radio lead vehi-
cle. A telecopy
form equal to
the input form
(Fig.1) is
printed of each
radio profocol.
This hard copy
is  wsed for
documentation

and is telecopied

to the operator's emergency staff by a telecopier connected with the mobile telephone.

fl

The advantages of radiotransmission of data are that transmission failures cannot occur,

communication mistakes are avoided and voice communication is decreased.

The main problems of the existing radio system are the transmission range (only about 10
km in flat land) and the occurance of radio shadows by e.g. hills and buildings. To improve
the data transfer the reception antenna will be increased and an additional data transfer sys-

tem using mobile telephones will be established.
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WIDE CONTAMINATED AREA CHARACTERISATION

André BERTEL, Commissariat 2 I'Energie Atomique, Direction des Appli-
cations Militaires, Centre d'Etude de Ripault, BP 16, F-37260 MONTS.

The characterization of a widely contaminated zone, leads to two questions :
- which organization to choose ?
- which implementation means can be used ?

We are going to briefly cover these two points, limiting them to a local level.

Which organization to choose ?

This revolves around three entities :

- the CEA advisor to the head of country ,

- the advisory group who receives all experis concerned in the surrounding
agricultural produce, prepares the replies to questions asked by the civilian
authority and directs the work on the field.

" - the CEA advanced command post who ensures the characterization of the

area according to the needs of the advisory group (see figure "advanced
cammand post").

Which means can be used ?

- the first information comes from the fall out prevision centre who then
directs the searches,

- the exploration of the real contaminated zone is then the first concern of
the civilian authorities. So, the use of the GAMMA detection by air allows for
the authorities to inform rapidly the extent and activity of the zone and this
is carried out by an helicopter which covers 1000 acres by flight.

- the detection on the ground as well as the sampling at sensitive points are
ensured by the mobile teams in vehicles equiped with detection means. The
samples will be sent to diverses national laboratories.

- finally, the non-contamination control of zones is carried out by vehicles
such as the VISA, with atmospheric control.
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COMMISSARIAT
A

L’ENERGIE ATOMIQUE -

AERIAL

¥ MAPPING SYSTEM

The Department of Military Ap-
plications of the Atemic Energy Com-
mission has developed an aerial sys-
tem of ¥ cartography designed to
search for and localise pin-point sour-
ces of radfeactivity and surface conta-
mination.

This equipment, which can be
used for rautine checking orin the case
of accidents, is capable of drawing &
map of radipactivity over a surface ares
from several dozen to several hundreds
of hectares {Kms.’].

The equipment is composed of &
large volume Nal detector, treatmen
unft, a radiolocalisation system, ¢
radar altimeter and a magnetic recor
der, all of which are controlled by ¢
calculator, 1t is mounted on an Alouetit
/It a light helicopter.

It identifies corresponding radfoelements by spectro
metric differenciation. An incorporated image processing
system provides colour maps representing the activity or
the flown over areas. Detection levels are at least as low at
those which can be obtained on the ground with portablt
equipment.
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GAMMA-RAY
SPECTROMETRY FIELD SYSTEM

GAMMA-RAY SPECTROMETRY FIELD SYSTEM carried by 4WD vehicle for routine or accident checks
des accurate identification of natural and artificial radionuciides and swift measurement of the levels of
iactivity over an area of several tens to several hundreds of square metres. It is composed of a liquid
sen cooted Germanium (HP) detector and a multichannel analyser. Detector height from the ground can
djusted by a telescopic mast which folds down onto the vehicle roof for transpori.

indispensible back up to AIRBORNE GAMMA CARTOGRAPHY.

Bl FUNCTIONS

e Accurately detects and identifies radioelements
{g spectrometry}

R « Detects and quantifies surface activity

. 'SPECTRAL ACQUISITION SYSTEM {expressed in Bq!mg)

: .. "FITTED ABQAHD QWD VEHIC.LE :

@8 PERFORMANCES

® Multi-channel analyser : 1024 to 8192 channeis

® Detector battery life : 100 hours

© Heigh! of detector from ground : 2.50 m - 8.00 m

& Analysis results | 1 hour

e Levels of sensitivity (T=18005 H=2,50m & 3,50m)

E »~ 100 KeV: 0,2 KBgq. m-
E =~ 500 KeV: 0,1 KBgq. m2
E »1000 KeV < 0,1 KBq. m-2
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SIMULATION OF A NUCLEAR ACCIDENT, GATHERING AND
TREATMENT OF ENVIRONMENTAL DATA DURING THE
CADARACHE DRILL OF OCTOBER 1991

G. BOUSQUEE‘—CLAYEUX*, s.*ggscouns**, Ph. KISSELY, A. L'HOMME"

D. MANE§§§*, J. MATUTANO , Ph. PICAT", D. ROBEAU",

M. WILD

* Institut de Protection et de SGrete Nucléaire,
bDépartement de Protection des Installations et de
1'Environnement - Fontenay-aux-Roses (France)

* K Centre d'Etudes de Grenoble / Direction - Grenocble
(France)

*kk Direction Centrale de la Sécurité - CEA - Paris

**%% Direction Régionale de l'Agriculture et de la Féret -
Marseille (France)

SUMMARY

In October 1991, the CEA Group organized a drill to check its
capacity to characterize large contaminated zones. Before this
drill, samples have been marked with radionuclides, during the
drill large means of measurement and of sampling have been
deployed in the country and many analysis laboratories were on
duty. According to a plan done from the forecast fall-out,
actual samples have been sent, with a checking form giving the
simulated contamination to the various laboratories. All the
results have been transmitted on the SYTAR network and were
available in all the crisis centres. SYTAR 1is a remote
permanent network linking the radiation protection services of
the CEA installations.

1 - INTRODUCTION

The french national emergency plan, applicable in case of a
nuclear accident, provides the intervention of the human and
technical means of the CEA and COGEMA working with the local
authorities, the operator and the Ministry of the Interior, the
Ministry of Health and other ministries (Agriculture, Econonmy,
Defense, etc...}.

In October 1991 a nuclear safety exercise concerning the post

accident phase was organized by the IPSN (Institute of Nuclear

Protection and Safety) with the aim of demonstrating in actual

size the means and methods that might be used for :

- delimitating the extended contaminated areas and
characterizing them from the point of view of radiological
risk,

- organizing the collection of samples (water, vegetable and
animals products) in the field,

- controlling entries and exits of personnel and vehicles into
and out of the contaminated area,

- monitoring, transferring, and analyzing the samples taken,

- interpreting the results and presenting them in synthetic
form to the authorities,

- advising the authorities and participating in decision
making.
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To ¢arry out all these duties, the CEA group works with
administration and with territorial government meahs of
intervention. This exerc¢ise took place during four days on the
Cadarache site ; it involved about 150 persons. In addition to
observers from the central administrations involved, who
followed this operation (first of this type on the national
level), experts were charged with observing the operations and
supplying reports on specific themes.

A wvideo team and professiocnal Jjournalists wunder contract
produced a journal in real time and a film tracing the salient
facts of the exercise.

2 - PREPARATION FOR THE EXERCISE

Preparation for the exercise was entrusted to the interveners
themselves and to a coordination and scenario writer team.

A detailed scenaric was given to the actors before the
operation’ to ‘make it possible to begin the exercise ; it
included an accident scenario and a population scenario.

Accident scenario

This part introduced sucecinctly the installation, the
conditions of: the accident, an estimate of the weather
conditions, and simulated releases (on the order of 1.10"° of
the inventory of a 900 MWe PWR core for the most volatile
products : I, Cs, Te). East winds blowing caused contamination
towards the lower valley of the Durance.

Population scenario

Countermeasures alleged to have been put in place involved :

- evacuation of the nearest populations with lodging in cities
located out of the passage of the plume,

- sheltering in houses up to a distance of about 10 km,

- prohibition of traffic on some roads, highways and railrocads,

- suspension of local markets,

- closing of schools,

- recommendations not to eat fresh local products (green
vegetables, fruits, milk, ete...).

A video tape was shown at the beginning of the exercise to

remind all the actors of the elements of the scenario at the

same time.

Environmental contamination was simulated in two ways for the

exercise :

- by putting into circulation 130 samples marked with I131 and
Csl37 beforehand,

- by the use of the GEREM software; this software that can be
used on portable microcomputers utilizes SIROCCO code results
(IPSN code to evaluate accidental fall-out) and translates
them into terms of contamination of air, soils and food.

To prepare the work of the CEA experts and the governmental

departments during the exercise, significant documentation was

collected on the state of agriculture, livestock, and the water
in the region (general agricultural inventory, cultural
calendars, wmarketing flow, water networks, etc...). Finally,
the agricultural producers and stock breeders were informed by
the local administration that intervention teams would come to
ask them for samples of their products. In addition, the
Cadarache Center management published a press release
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announcing the exercise, and the persons who were going in the
field could distribute an information flyer to facilitate
contact with the population.

3 = REALIZATION OF THE EXERCISE

Chronology of the exercise (October, 1991)

Sunday 13 (outside the exercise, not played by actors)

- accident at a fictitious installation,

- launching of the Internal Emergency Plan and of the
Particular Intervention Plan

* Monday 14

- implementation of the plan of action,

- movement of the mobile teams towards the Cadarache Centre,

- arming the command posts (CP),

- welcoming the teams, presentation {with video film) of the
exercise and of the role of each team,

- estimate of the consequences by the IPSN Emergency
Technical Center (ETC),

- preparation of the teams' duties.

* Tuesday 15 and Wednesday 16

- reworked estimate of the consequences by the ETC, taking
inte account new information,

- field manceuvres of mobile teams and those transported by
helicopter ; taking into account the imaginary level of
contamination, the area explored covered about 150 km“,

- transfers of samples to the laboratories,

- interpretation of the first results.

* Thursday 17

- follow-up of the laboratory work,

- completion and conclusions of work in the CP,

- departure of field teams to their centres,

- disarming the CP,

- general debriefing.

The progress of the exercise required the participation of

numerous actors both on the local level and on the central

level (Paris). These actors were grouped intc different
operational stations,

3.1, ~ Préfet command station

The command station of a Préfecture was simulated at the house
of the Cadarache hosts. The Sous-Préfet of Aix, assisted by
representatives of the departmental or regional offices of
civil protection, agriculture, and social matters of Bouches-
du-Rhéne and Vaucluse, played the role of Préfet, local
authority, head of the post-accident plan. Supported by an
advisory unit that grouped specialists (in radiation
protection, transfers into the environment, cartography, and
agriculture and food problems) a CEAR advisor to the Préfet was
in charge of relations between the Préfet and the operaticnal
teams. As such, on one hand he had to present a synthesis of
the results obtained in the field regularly to the Préfet and,
on the other, to direct operations through the head of the
advanced CP and inform him of the Préfet's requests.

3.,2. - CEA advanced command station
The head of this station, located near the contaminated area
was responsible for
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- organizing the missions of the teams in the field,

- controlling the entries and exits of teams into and ocut of
the contaminated area {(radiation protection of the
interveners, decontamination of persons and vehicles),

- posting and routing the samples taken to the analytical
laboratories,

- simulating the results of contamination for unmarked
samples,

- transmitting the simulated results of direct measurements
in the environment (dese rates, gamma spectrum) to the
advisory unit to the Préfet and to the CEA Center (CCC) and
Emergency Tachnical Center (ETC) of the IPSN.

To carry out these duties the head of the advanced command

station had the following means at his disposal:

- five 1light intervention teams, equipped with vehicles,
detection material, and UHF transmission devices,

- two heavier intervention teans, equipped with an
atmospheric control vehicle (DASA and VISA 90),

- a light team, the so-called Mobile Radielogical
Intervention Cell of the Vaucluse civil Security
Administration,

- a team transported by helicopter and a ground team from the
economic interest group "Automated Accident Intervention
(INTRA) which unites EDF, COGEMA, and the CEA,

- a vehicle called GEMINI, conceived and made by the Central
Protection Department against Ionizing Radiation to measure
the internal contamination of individuals,

- a team from the Radiation Protection Assistance Office of
the IPSN in charge of contrelling the samples and
transmitting them to the analysis laboratories,

- a scenario team responsible for associating a simulated
contamination wvalue with each  measurement in the
environment and each sample taken,

- a team responsible for entering the results of measurements
in the environment on the SYTAR information processor.

3.3, - Analytical laboratories of the CEA and COGEMA centers
Five CEA and COGEMA laboratories and one laboratory Marseilles
Veterinary Services laboratory received and analyzed the
samples (about 20 per laboratory} marked with I131 and Cs137
beforehand.

They also received samples taken in the environment accompanied
by an envelope indicating the simulated levels of activity.
After the samples of the first type were counted, the personnel
had to transmit the calculation results and the simulated
contamination represented in the envelopes through the SYTAR
information processor to the ETC and the CEA advisory unit.

3.4 - Emergency Technical Centre of IPSN

Taking into account the information available to it (source
term, weather), on the first day of the exercise the ETC had to
draw up estimated maps of the environmental contaminations to
direct field operations.

Secondly, as soon as information arrived on the SYTAR processor
or by fax, it had to draw up a realistic map of the
contaminated areas and construct a data bank concerning the
levels of activity in the main products of the food chain. This
work was done in conjunction with the advisory unit, which on
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its part organized an assessment of the contamination in order
to inform the Préfet and suggest countermeasures.

4 - CONCLUSION

The conclusions are drawn from the basic notes made by the

interveners and the reporters.

Operational plan of action :

The entire plan of action turned out satisfactorily ; however,

it should be noted that the case treated was simplified in

relation to a real «case, which would involve numerocus
administrations, 'socio-economic agencies, the medias, the
population, and the political class. ~

The roles of advisor to the Préfet, specialists (for the

advisory unit and the ETC), and Head of the advanced CP are

very important and require training and the involvement of a

sufficient number of ©persons capable- of filling these

functicns.

Means used in the field

For external interventions during the exercise, the

difficulties encountered showed that :

- measurement materials should be robust, have direct
reading, and cover a large measurement range,

- vehicles should be all-terrain, equipped with an external
device that makes possible continuous measurement ; they
should be sealed from contamination or adjusted to
facilitate decontamination; on the other hand, it is
necessary to provide high-performance radio connections and
a radiotelephone.

A convention for taking samples must be established, and the

material must be standardized. The importance of the country

laboratory, which makes it possible to obtain the first results

{gamma spectrum to characterize the main radionuclides) should

be noted. This laboratory should make it possible to sample

material from the field teams and unblock the laboratories by
conducting a first sorting of the samples.

Laboratories and data circulation :

The analytical laboratories of the radiation protection

services of the CEA group centres were well equipped to answer

the demand ; the results of the activities measured agreed well
with the values marked beforehand.

It is suitable to note the significance of:

- standardization in packing, which should be adapted to the

measurement stations, )

- the labelling and presence of a well informed follow-up file

(exact type of sample, coordinates, and time of this sample).







Environmental Impact of Nuclear Installations 531

CONNECTION BETWEEN THE IMMERSION-DOSE RATE IN THE
ENVIRONMENT AND THE MEASUREMENTS OF THE DOSE RATE IN
THE CONTAINMENT AND THE STACK AFTER AN ACCIDENT

Franz Cartier, Andreas Leupin
Swiss Federal Nuclear Safety Inspectorate
CH-5232 Villigen-HSK, Switzerland

Summary
In the environment of a NPP, the dose-rate Dy resulting from immersion in the cloud (mainly

by noble gases) is the dominant factor in the early phase of an accident with radioactive
release. A simple and fast estimation of the gamma-dose rate Dy may be obtained from the

respective dose-rates Dg and D measured by the wide-range-ionisation chambers in the stack
(8) and the containment {C) using the formulas

Dy =% Vg GFgpDs and Dy =%V (plpe) GFcpDe - {eq. 1, 2}

In these formulas % corresponds to the dispersion factor, Vj to the volume current and GFgp
to a predefined geometrical factor for the stack, V. to the leak rate and GFcy to the
geometrical factor for the containment and p/p. to the ratio of the environmental and the

containment pressure.

It is interesting that in a first approximation the geometrical factors are largely independent
on the spectral energy distribution of the gamma radiation and therefore also on the nuclide
mixture. For this reason it is not necessary to have further informations on the activity of the
discharged nuclide classes (noble gases, jodine, aerosoles) which cannot be gained easily
anyway.

Additionally the assumptions and restrictions of the method are discussed.

1. Introduction

The assessment of the radiological situation in the plant and in the environment during an
accident would be based on the measurement of high-dose-ionisation chambers instatled in
the stack and the containment (e.g. the so cailed "RABE"-monitors in the Swiss NPPs). In the
first hours or days it is of special importance to estimate the immersion-dose rate in the
vicinity of the NPP as quickly as possible using simple assumptions on the leakage path
(ground or stack release). The calculation which presently would be applied is a two step
method: first the release rate is estimated from the dose-rate measurements by assuming a
nuclide mixture, then the immersion-dose rate is calculated basing on the same nuclide
mixture and on the standard dispersion methods, Indeed, the assumption of a nuclide mixture
is necessary for the determination of the release rate but - in good first approximation - not
for the conversion of the dose rate in the stack or the containment to the immersion-dose 1ate
in the environment.

To illustrate the last point we propose to compare the results of two identical dose-measuring
devices in the environment and in the stack or the containment respectively. Doing this, we
see that the signals of the two devices would differ only because of the different geometries
and concentrations (e.g. due to the dispersion) at the points of measurement. Therefore, the
dose-rate measured by the device in the environment may be written as a function of the
dose-rate measured in the stack or the containment using eq. 1 or 2 respectively, Whereas
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neither the pressures p and p. nor the dispersion factor % show any dependence on the energy
and, therefore, on the nuclide mixture, the only parameter which introduces an energy
dependence to these equations is the respective geometrical conversion factor GF. However,
it can be demonstrated by model calculations that the energy dependence of the geometrical
conversion factors can be neglected obtaining good first approximations of the dose rate in
the vicinity of the NPP. The fundamental considerations for these model calculations and
some results are shown in the following sections.

2, Basic considerations for the estimation of the energy dependence of the geometrical
conversion factors

The dose-rate I measured by an ideal ionisation chamber, i.e. a ionisation chamber whose
dose indication is independent of the energy, can be calculated principally for every geometry
by the following simple formula;

D= DFG'CG . {eq. 3]

Therein, Cg describes the concentration of the activity within the air [Bq/m?3] of a geometry
G. DF; denotes the dose-rate-conversion factor which takes into account the geometrical
distribution of the activity, the radiation absorption and the dose buildup in the air as well as
the energy dependence due to other effects. Hence, for a monoenergetic source the dose-rate-
conversion factor DF;(E) can be written as:

A et {14+C-phor-ePHr
Dro(E) =[S LERID oy gy

G

The "Gamma" constant vy defines the gamma-dose rate of a point source per unit activity in a
distance of 1 m from the source. p denotes the linear attenuation coefficient and r the distance
of the ionisation chamber from a volume element dV. The expression in the curved brackets
(Berger's formula) describes the energy deposition buildup factor; the constants € und D used
therein are determined empirically. The parameters vy, i, C und D depend explicitely on the
energy E of the Gamma-radiation. The integration has to be performed over the entire space
of interest, e.g. the volume of the stack, the containment or the semi-space of the
environment. '

For nuclide mixtures having multiple gamma emission lines one obtains the dose-rate-
conversion factor for a defined geometry as a weighted sum over all moncenergetic dose-
conversion factors:

DF,; = ) p;DFy(E,), { eq. 5)
i,j
where i denotes the nuclide, j the emission lines of the nuclides. p, describes the contribution
of the nuclide i to the total activity of the mixture.

‘The monoenergetic conversion factor GF, g, (E) now can be definded as

DF(E)
GFg; o) =5~1;2f—@—). {eq. 6}
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For our case of the NPP, G1 is the geometry of the stack or the containment, G2 that of the
environment.

Finally, the total (mixture dependent) geometrical factor GFg, g, for the conversion of the

dose rate from the geometry Gl to G2 is defined as the ratio of the two dose-rate-conversion
factors;

Zpi'DFGl(Eij)'GFGI.GZ(Eij)
Fgy

GF o =262 _ i
aiez DFg, -

{eq. 7}
Zpi'DFGl(Eij)

i5
Hence, the total geometrical conversion factor can be written as a weighted average of the
monoenergetic geometrical conversion factors,

3. Results and discussion

From equation 7, it is obvious that the total geometrical configuration factor for a nuclide
mixture has to be smaller (higher) than the highest (lowest) monoenergetic configuration
factor. '

The range of the monoenergetic geometrical conversion factors for spherical and cylindrical
geometries to the semi-infinite volume of the environment are presented in the following
table. The cylindrical geometry is an approximation for the stack: the height (75m) and the
radius (3m) as well as the position of the measuring ionisation chamber at the center-bottom
of the stach were chosen to conform with one of the Swiss NPP's. Besides, we assumed that
the containment may be approximated by a sphere with a radius of 8m with the ionisation-
chamber in the center of the sphere. The other spherical geometries have been chosen to show
the effect of the volume.

Table: Energy-dependent geometrical conversion factors and proposed "best" value
EBnergy [keV] | GFsz: GFcp:
Cylindrical
geometry
(Stack) to
half space; | Spherical geometry (Containment) to half space
height=75m,
radius=3 m, |[radius=3m, |radius=8m, |radius=20m, |radius=50m,
dose at bot- | dose at center | dose at center | dose at center | dose at center
tom of stack | of the sphere | of the sphere | of the sphere | of the sphere
50 34.2 28.3 9.7 34 1.2
100 56.1 46.0 16.1 5.7 2.0
200 54.1 42.9 15.7 6.0 2.2
500 554 43.6 16.1 6.3 2.4
1000 59.7 46.3 17.3 6.9 2.8
2000 70.3 54.3 20.4 8.2 34
4000 86.1 67.5 25.3 10.2 4.2
Proposed
"best" value 60 45 17 6.5 2.5
Variations '
l(i?v‘;‘m“ +50 % +50/-40 % | +50/-40% | +60/-50% | +70/-50%
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From our considerations in chapter 2 and in view of the numerical calculations the direct
conversion of the dose measured in the stack or the contaihment to the immersion dose in the
vicinity of a NPP by the means of averaged geometrical conversion factors (called proposed
"best” value in the table above) seems to be a good method to obtain reasonable first
estimates. For the simple geometries we used for the calculations the errors which are
introduced neglecting the dependence of the geometrical factor on the energy or on the
nuclide mixture respectively are distinctly smaller than a factor of 2. This error has to be
judged with respect to other errors which may be much more important, stemming for
example from meteorological or topographic uncertainties. However, if a better accuracy has
to be attained, it is possible to determine a geometrical conversion factor which depends on
the time between the start of an accident and the release of the radioactivity to the
environment, since the time-dependent composition of the inventory of the core of an NPP is
known quite well. Nevertheless, the additional effort to perform these calculations seems to
be excessive for most of the needs.

The determination of the geometrical conversion factor GFip taking into -account the
shielding and scattering effect of the instailations and (concrete) walls within a real
containment of a NPP is usually more costly than our simple calculations above and has to be
performed using numerical integration methods. The geometry of a stack on the other hand is
usually approximated quite well by a cylindrical shape similar to that above so that the
calculation of the related geometrical factor GFggp can be performed in a much simpler way
than for the containment. However, these calculations have to beé~done once as a
precautionary action in order to allow fast, simple estimations of the immersion dose in the
environment using the measurements in the containment and the stack.

Conclusions

¢
. The immersion-dose rate (dominated by noble gases) at the "most-affected” point in
the vicinity of a NPP can be determined from the dose rate measured in the stack or
the containment respectively using the formulas presented in the summary.

* For good first estimations of the immersion-dose rate, it is reasonable to use an
averaged "best" value of the geometrical conversion factors GF. For a cylindrical or
a spherical geometry approximating the stack or the containment, this leads -
independently of the emiited nuclide mixture - to a maximum error which is less
than 50%. The errors introduced by other parameters, e.g. the dispersion coefficient
%, for the actual weather conditions, are usnally much more important than this.

. The geometrical conversion factors can be determined once for the actual stack and
containment of a NPP as a precautional measure. In case of an accident, this allows
very fast estimations of the immersion-dose rate in the vicinity of the NPP which
faciliates the timely decision upon the necessary steps to be taken.

The estimation of the immersion dose is of special importance, because it yields the
main contribution to the dose to the population just after an accident.
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Indeed, it is possible to determine a nuclide-mixture-dependent geometrical
conversion factor for mor accurate calculations performing a weighted average of
the energy-dependent factors. However, this is paid with the abandonment of the main

advantage of the method, i.e. the possibility of very fast estimations of the
environmental immersion-dose rate.
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INTERNAL CONTAMINATION MONITOR FOR QUICK SERIES
EXAMINATIONS

M. Nockel
Herfurth GmbH, Beerenweg 6 -~ 8
2000 Hamburg 50

The internal contamination monitor H 39010 is designed for the
. : , . 1 ; ) :

monitoring of persons with possible Cs contamination in the

muscular tissue, in the digestive tract and in the lung.

In general the considerations provide for measurement o©of the
torso and the back muscular tissue including buttocks, so that
the person to be measured is measured best lying on the back.

Therefore, a measuring table has been developed to position the
person to be measured on the back. This position makes it possi-
ble to measure an adult from the shoulders to the thighs with
one large-area gamma plastic detector (80 cm * 50 cm}.

b

W

'MEasurlng table

To increase the detection limit of the monitor, the detector is
surrounded with a tub-shaped lead shielding of 50 mm thick lead
stones. This way the influence of ambient radiation is reduced
by a factor 7.

. . . . 137 . .
As the dominating leading isotope Cs 1is known, a nuclide
specific measurement, reguiring relatively long measuring times,
is not necessary.

With the H 13010 an integral measurement is carried out, which
achieves higher efficiency by use of the Compton effect, thus
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permits shorter measuring times in the range of seconds.

Due to the lead shielding the detector supplies a background
pulse rate of 550 cps, if the aml':nien}t37 radiation is 0,1 uSv/h.
The efficiency of the detector for Cs is about 6 % if the
point-source is shielded by a 5 cem thick water layer
(corresponding to the absorbtion of the body tissue) - factor
about 0,5 for 662 keV.

According to DIN 25482 part 1 (approximation formula), a
recognition limit of 120 Bg and a detection limit of about 240
Bg results from a measuring time of t, = t, = 60 s and the
quantiles k-a = k-8 = 1,65 (corresponds toc an error of 5 %).

The H68k-computer acquires the detector pulses and processes
them - for display o©of the activity. Furthermore, during
measurements, calibrations and in case of sgervice, the user is
guided by a dialogue with the terminal displayed on the video.

+ |
==== Measuring Mode ================ Herfurth H13010 ===

>>>>>>>> READY TO MEASURE <<<<<<<<

| Personal-ID  :xxomxxxxxx  ( st character:
| F= female over 18 years
- height: zzz cm (zzz cm) M= male over 18 years

|

teenager 12 - 18 years
] - weight: zzz kg (zzz kg) C= child 3 - 12 years
’ B= Baby 0- 3years
- Comment:
Inputs correct?
Then position person and start measurement with key F1.

Besides of filing about 4000 measurements and selecting these
through a computer interface available, measuring records can be
printed out through the printer interface after each body
measurement.

Personal-ID Height bate Time

cm

Weight | Activity Dose
kg kBg +/-kBg| mSv +/-mSv

The components of the internal contamination monitor only
consist of an eléctronics housing, a terminal and the measuring
table, which, due to its low centre of gravity can easily be
built-in into vehicles, without any additional supports. The
total weight of the monitor comes to about 1000 kg.
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Calculation of the Detection Limit

The desired detection limit of the internal contamination
monitor H 13010 is only depending on the selected measuring
times, the duration of the background measurement and the
measurement of persons (parameters), if the background pulse
rate at the location of setup is available.

Acc. to DIN 25482 part 1 "Nachweisgrenze und Erkennungsgrenze
bei Kernstrahlungsmessungen' {Detection limit and recognition
limit of nuclear radiation measurements} The required measuring
time for persons can easily be defined by using the
approximation formula, if the duration of the background
measurement 1s known.

By converting the approximation formula to the measuring time
for persons t,, there will be following formula:

* £
£, = Qo * o -
¢ @n '_Q
° (Kl_a)"'(Kl—ﬁ) @
with: t = Background measuring time in s

ki~a = 1,65 for error probability a (5%)
k,-B = 1,65 for error probability 8 (5%)
e.* = expected net count rate
e, = expected background count rate

The expected background count rate ¢, multiplied by the
background measuring time t, results in the pulse sum to be
attained from the background parameter. This means that set
parameter figure value of the pulse sum to be attained, can be
put in for the numerator of the formula.

The background measurement time t,is calculated from the "pulse
sum to be attained" divided by the background count rate of the
channel status display.

The desired detection limit DL x detector efficiency n, can
easily be defined with help of the following formula and with
reference to the desired detection limit the necessary measuring
time for persons t,, if it is used instead of the expected net
count rate ¢.




540  Environmental Impact of Nuclear Installations

pulsey

£ [AWG * m)2
ird [ 3’3 gCl

The activity value stated at the end of measurement of a person
is calculated in the system by subtracting the background pulse
rate from the gross pulse rate after the measurement is
finished. and by division with the detector efficiency.

The absolute error of the activity, which is also supplied,
consists of the errors from the background measurement and from
the calibration measurement,

The alarm threshold, tc be set as parameter, can be put in
directly in the Bg value of the activity

If after a body measuring the measured activity value exceeds
thig alarm threshold, the measuring result is marked with "alarm
level exceeded".

Vehicles ready for operation

Background Shielding by the Person to be Measured

Based on the 1lying arrangement of the measurement, the
background of a measurement is reduced by the person to be
measured. The person to be measured has the effect of an
additional detector shielding. Investigations at the Paul
Scherrer Institute have given an approximation for the
individual body shielding in a linear context to the body weight
of the person. If the body weight of the person is entered, the
reduced background value is defined in linear formula y = mx +
b by the computer system and is deducted from the measured gross
pulse rate.
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In general it may be said that for an average middle European
man with average body size (75 kg) and a natural ambient
radiation of 0,1 upSv/h the background value of the measuring
table is reduced by about 10 %.

Calibration Factor depending on Body Weight

The phantom calibrations at the Paul Scherrer Institute also
resulted in different calibration factors depending on the
simulated body weight for the measuring arrangement. An analysis
of the calibration results showed an approximation of an e-
function for the formula y = x e %, According to this e-function
now the individual calibration factor is calculated in the
computer system, when the body weight of the person to be
measured is put in.

The measuring equipment sgupplies a sensitivity of about 4,5 %
for 7Cs at a body welght of 75 kg

Data Filing System EVI

Acquisition of the measuring data is done by reading the
measuring value memory of the appertaining internal
contamination monitor H 13010.

The read measuring data are filed in a data base table and can
be demonstrated on the display respectively recorded on the
printer with various functions,

In an administration table the EVI-gystem logs the daily
quantity of measurements for the days on which measurements have
been made. Additionally the time period of the measurements as
well as the filing remarks are entered.

Measurements can be stored on discs by days with the help of the
filing function. Measuring data on discs can also be displayed
or recorded.
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MOBILE WHOLE-BODY COUNTER FOR BABIES AND
TODDLERS

P.Hill
Forschungszentrum Juelich Gmbh,ASS, Postfach 1913, D-5170 Juelich

Summary

Construction and calibration of a whole-body counter-especially designed for
monitoring body burdens of babies and toddlers are described. Cs-137
incorporations of as small as 150 Bq can be detected in 1 minute of measuring
time by 1-2 Nal(T])- detectors contained in a radiation reduced steel shielding.
The counter is suitable for use in mobile laboratories operating in areas (e.g.
CIS) contaminated by fall-out from nuclear accidents.

1, Introduction

A special whole-body counter for children has been developed for use in mobile
labs. Dose conversion factors for small children known to be up to ten times
higher than for adults it is important to obtain their body burden more reliably
than it is possible with most of the body counters designed for adults.

2. Construction

A bed-type configuration has been chosen for the counter (fig.1). One or two of
Bicron's large Nal(Tl)- detectors (7.6 cm x 12.7 cm x 40 cm) can be putintoa
radiation reduced steel shielding of 5 cm thickness. Children are to be placed in
a height adjustable half- tube . The counter is put onto four wheels and the steel
plates can be easily removed. Thus the system becomes highly transportable and
flexible in operation. Though the system is designed preferably for use in mobile
laboratories it may easily been taken out and used e.g. in hospitals or child wards.

Using a measuring time of only 60 seconds limits of detection of 150 Bq Cs-137
(1 detector) and 100 Bq Cs-137 (2 detectors) can be achieved.

The data acquisition is PC-based. The ACCUSPEC MCA card together with
ABACOS software (Canberra) is used for taking data and evaluating body
burdens.
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Fig. 1: Drawing of the KFA whole-body counter for small children showing
the position of the detectors in the shielding .
Upper part ; 1 detector arrangement
Lower part: 2 detector arrangement
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3. Calibration

The KFA bottle phantom has been used for calibration. Bottle volumes of 0.25,
0.5 and 1 1 allow to simulate the body shapes of children of 4 kg, 8 kg, 12 kg and
14 kg weight,

The 4 kg phantom consists e.g. of a 1 1 bottle representing th head, one 11 and
one 0.5 1 bottle represent tthe body. Two 0.25 1 bottles simulate hands and arms.
Four 0.25 1 bottles are put in place of the legs.

A solution of Cs-137 in water has been used for calibration. In the lowest position
of the adjustable half-tube sensitivities of 1.8 cps/100Bq (4 kg) , 1.2¢ps/100Bq

(8 kg), 0.98cps/100Bq (12 kg) and 0.93 ¢cps/100Bq (14 kg) for Cs-137 have been
determined.

The relative efficiencies for different positions of the half tube have been
determined in the case of the 4kg phantom to be 1:0.71:0.52 for heights of
0 cm, 5.5 cm and 11 cm . Heights are given relative to the lowest position.

4. Operation

Three counters are used 1992 by a German Chernobyl burden measuring
programme in Russia, Byelorussia and Ukraine. One of them operates
independently, whereas two of the counters operate in connection with
FASTCAN- systems (Canberra) sharing the data acquisition systems.

By appropriately adjusting the height of the half-tube where the children are
positioned, the same efficiency curve can be applied for both systems.

Correction factors account for the weight dependence of the efficiency
curve,

A Cs-137/Co-60 source is used for a daily calibration check. Also environmental
background is checked daily. Though it mainly arises from surface
contaminations the use of water phantoms is recommended in determing
background to account for the reduction of direct background radiation

(e.g. from Cs in trees) by the measured children.

The bed-type configuration allows the mother to maintain eye contact to the child
and even to touch it during the measurement, which we feel to be important for
the wellness of the child and keeping it quiet. The influence of a possible body
burden of the mother has been simulated with a 37 kBq Cs-137 source and found
to be neglegible at arm's length distance to the child.
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RESULTS OF A DOSIMETRY PROJECT IN THE UKRAINE

Christian Wernli and Markus Boschung

Paul Scherrer Institute (PSI), Villigen, Switzerland

ummary

n Summer 1991 a team of Swiss and Ukrainian specialists performed about 3400 whole body and
000 foodstuff measurements in the vicinity of Polesskoje, 50 km west of Chernobyl. For this
roject, led by the Swiss Disaster Relief Unit, a mobile laboratory with whole body counter and
{al gamma spectrometer for food and environmental samples was built under guidance of the
adiation Metrology Section at PSI. The resuits show that in the 27 villages visited the mean
nnual internal dose from Cs-137 was in 1991 about 0.16 mSv/a with a maximum of 9 mSv/a. It
as been confirmed that the highest activity concentrations in environmental samples, including
podstuffs, occur in products from the wood, The project is continued in 1992,

ntroduction

1 reply to a call for help of the Ukrainian Government a project of humanitarian aid was set up by
e Swiss Disaster Relief Unit (SDR). This organisation is designed to intervene in case of natural
r manmade disasters, war, famine, and assistance to refugees. The SDR is part of the Directorate
)evelopment and Humanitarian Aid in the Federal Departement of Foreign Affairs.

he objectives of the project were:

- to support and assist the Ukrainian authority in measuring whole body activity and activity
concentrations in food.

- to inform directly the concerned population about radiation levels.

- to educate and reduce fear of the population,

- to aquire experience in case of furiher accidents.

‘o achieve this task the Radiation Metrology Section at PSI was asked for technical advice and
upport. Based on their proposal it was decided to build a mobile radioactivity laboratory with a
'hole body counter, a food counter, and several dose rate and contamination measuring devices.

‘echnical Information of th ile Laborato

D O

—

oo L
Y O O P

The laboratory was built
in a 7 ton Mercedes van
(model 711) with side
door for access to the
food counter and entry
from the back side for
whole body measurements

Figure 1: Schematic view of the mobile laboratory with the whole (figure 1 and 2).
body counter (3) and the food counter (4)
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Figur 2: View of the Mercedes van

Technical details of the whole body counter: Technical details of the food counter;
Manufacturer: Herfurth Detector material: Nal

Detector material: Plastic scintillator Detector dim.: 3"x3"

Detector dim.: 80x50x 10cm Shielding: Lead castle, 5 cm wall thickness
Shielding: Tub of lead, 5 cm wall thickness  Blectronic: PCAP-Board (HVY, ampl., ADC)
Background: 400 ¢ps at 0.1 pSv/h Measuring time: 5 min (135 min)

Measuring time: 60 sec Geometry: 1 L-flask {1 L-marinelli)
Geometry: Lying on the back Resolution: 8 % at 662 keV

Efficiency: 6 % whole body Cs-137 Detection limit: 50 Bg/L (20 Bq/L) Cs-137

Detection limit: 1 kBg Cs-137

Summary of the Project

Based on a letter of understanding between the Ministry of Health of the Ukraine and the Swis
Disaster Relief Unit, signed in January 1991, a mission in the district of Polesskoje was plannec
Polesskoje is located 50 km west of Chernobyl. The surface contamination by Cs-137 in this regio
is extremely inhomogeneous and varies between less than 30 and about 2200 kBg/m2. In 1991 Cs
134 was only about 10 % of Cs-137. The external dose rates vary between 0.1 and 10 uSv/h. In thi
district of 1300 km? area located immediately west of the 30 km zone 27'000 inhabitants lived i
1990. In 1991 15 out of a total of 63 villages were evacuated and for another 16 villages evacuatio:
is considered.

The central station of the mobile laboratory was at the hospital in Polesskoje. From here, a team o
2 Swiss and 4 Ukrainian specialists, including a medical doctor, went out to the villages to measur
whole body activities and foodstuifs. In the time span of July to October 1991 27 villages wer
visited and 3440 whole body and 960 food measurements were performed. In total 7 Swis
dosimetry specialists joined the project for one month each. At the same time a Swiss medical tear
was involved in a medical aid project of SDR at the hospital of Polesskoje. At the end of bot!
projects a sociological survey was made in a Ukranian / Swiss cooperation, This was to find ou
how the population responded to the two aid projects.
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‘he local inhomogeneties of average whole body activities are shown in figure 3.
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areas of the circles are proportional to the mean of the
neasured activities, The square on the right is at the location of
the nuclear power plant.

ity (Cs-137) per village. The

The age distribution of the
measured population is given
in figure 4. Since the project
was based on humanitarian
aid and not on a scientific
program, the persons to be
measured were not selected.
It can be seen from figure 4
that mainly children and
older persons showed up,
Most of the working
population did not find time
to go to the counter. The
weight distribution in figure
5 shows a first peak due to
the large number of children.
It can also be seen that a few
persons are  remarkably
heavy. The distribution of
the whole body activities is
given in figare 6. The
highest value was 380 kBq.

‘or dosimetric calculations it was assumed that the whole body activity is constant over the whole
ear. For each person the specific activity in Bq/kg was determined. Then a dose factor of 2 uSv/a
er Bq/kg was used to calculate individual dose. The mean and maximum dose values for different
ge groups are given in figure 7. There is a slight increase in dose with age. It is assumed that this
5 due to the fact that imported non contaminated food is given mainly to the children. The overall
verage dose from incorporated Cs-137 was 0.16 mSv/a in 1991, The highest value was 9 mSv/a.
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Figure 8: Mean and maximum values for
activity concentrations in groups of foodstuffs
compared to the Ukrainian limits

Conclusion

Figure 7: Annual dose distribution of the
measured population with mean and maximun
dose values for different age groups

For a small number of persons measured fo
Cs-137 urine samples were taken and a 8r-9
and an alpha analysis were made at PSL. A
expected from measurements on the groun
contamination Sr-90 was found to be on
much lower level than Cs-137 and no alph
emitter could be detected.

In some villages milk and eventually othe
food is banned. The foodstuff measured wa
mainly locally produced. In figure 8 the mea
and maximum values for activities in group
of foodstuffs are given and compared to th
Ukrainian limits. It has been confirmed the
mainly products of the wood (berrie
mushreoms, wild animals) contain the highes
Cs-137 contaminations.

The measurements agreed quite well with previous results of the Ukrainian authorities, Thi
confirmation of the actual contents of radioactivity in whole body and food by an independen
foreign team of experts was welcomed by the population. The study shows that there is a wid
variation in resulting dose. Higher doses often occur if the advice of the Ukrainian authorities t

ban specified foodstuffs is not followed.

The sociological study shows that the population is interested in independent measurements an
interpretations of the radioactivity. The new mission in 1992 indicates that to day the socic
economic problems increasingly dominate over the fear of radiation,
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EXPERIENCE WITH MOBILE Nal{TI)-GAMMASPECTROSCOPY FOR THE FAST
ASSESSMENT OF RADIONUCLIDE CONTAMINATIONS IN THE OPEN AIR

Volker Genrich
Genitron Instruments GmbH, Heerstr. 149, D-6000 FrankfurtMain 90

Summary

The author wilt report on the application of a mobile gammaspectroscopic set-up,
which was used for scanning a Caesium-137-contamination within the terrain of an
radioisotope production plant. Radionuclide concentrations in the soil have been
determined simuitaneously for the artificial nuctides Cobalt-60 and Caesium-137,
and for the natural nuclides Potassium-40, Radium-226 and Thorium-232.

1. The basic components of the mobile gammaspectroscopic set-up

The spectroscopic equipment is based on a PC-laptop and a MCA-card with 1024
channels. Detector and preampiifier are mounted inside a collimator, providing a
viewing angle vertically down
+/- 45 O All components are
mounted on a special trolley,
called "GeoSCAN". Equipped
with four pneumatic tyres, the
whole equipment is suitable for
cross-country work (see fig. 1).

Using a 3" x 3" Nal{(Tl)-crystal,
measuring time is a few se-
conds per data point. A grid
with a spacing of Tm x 1m is
picked up within a very short
time. By activating different
software tools on the PC, the
in-situ-spectra can be evalu-
ated directly in the field. Finally,
five different nuclide concen-
trations are available. Even on
the trolley, contour maps (iso-
lines) or 3D-plots of the conta-
minated area can be examined.

Figure 1:

Routine work at 50 G in the
open air with the "GeoSCAN" .
The equipment did not show
any complication (even in
hostife environment)
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exact radionuclide mapping around uranium mills, on tailings etc.

scanning on sites, previously contaminated by industrial use of radionuclides
clearing outdoor ground after decommissioning (NPPs, accelerators etc.)

fast assessment of accidental releases into the soil (transportation accidents)
in-situ tracing for radionuclide effluents, deposed in beach and river sediments
airborne or carborne profiting in emergency situations

oocCcood

Table 1: Fields of application for mobile Nal(Tl)-Gammaspectroscopy

2. What is the difference to beta-contamination monitoring ?

Without any doubt, the equipment for gammaspectroscopic scanning is much more
sophisticated (and expensive)} than a standard contamination monitor (equipped with
a proportional counter). Why then look for gamma radiation with "heavy" equipment?

The difference is the "third diemension™ Although proportional detectors exhibit a
certain gamma sensitivity, in practice their gamma-efficiencies are too poor (less
than 1%) for fast and effective measurement. Furthermore, measuring only beta
radiation, such equipment can only detect surface contamination in Bq/m2: any ac-
tivity, that has penetrated farther than 1 mm intc the ground, cannot be discovered,

Consequently, under open-air conditions a beta contamination monitor can only
detect a small portion of the fotal activity potential. For checking the environment, it
is a much better approach to use gamrma radiation monitoring and assess Bg/kg.

As we can gather from literature, in-situ detectors mostly have been used without a
collimator. In this case, an area of more 10 m in diameter and of less than 20 cm in
depth will contribute to the detector signal. As our mathematical modeliing shows
(figure 2), a collimated detector is able to ook much deeper into the soil (by exclu-
ding the "thin" layers far outside the center area).

Figure 4 : In-depth profile from a collimated detector;

200 ¢
= depth below ground surface (cm)
Y = relative contribution to the signal (%)
1501 Four different detector eleva-
tions above ground strface:
100 Heefp = &cm
H (eff) = 10cm
50 ¢ Heeffy = 15¢cm
H (eﬁ} = 30cm
0
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3._Typical applications :

Figure 2: The monument of Mm. Curie, built on the ruins of the "historical" uranium-
cofor factory at Jachymovw/CSFR. Ground confaminatin: 5000 Ba/kg Ra-226

Figure 3: 3-D-plof of fhe Ra-226-concentration
(same sight as on photograph above)
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R

Figure 4: Area in front of a building, thas has been used for waste-water
conditioning from a radicisofope production plant.
Ground contamination: 10 000 Bg/kg Cs-137

Figure 5: 3-D-plot of the Cs-137-concentration
{same sight as on photograph above)
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Figure 6: By using the contour map, the two contaminated spots can be removed
very precisely. Thus, a minimum of caesium-contaminated soif has to be dumped .

-Figure 7: [In-situ spectrum (log-scale} at the maximum of the contamination

1 sucHooo.sec
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COMPUTER AIDED INSTRUCTION ON RADIATION
PROTECTION

M. Mauersberger, K. Pingel
University of Siegen, Physics Departement, 59 Siegen, Germany

Summary

A computerprogramm using menu guided user interaction was deve-
loped to give a basic introduction to the topics and guantities
related to radiation fields and radiation doses.

1.) Introduction.

"A wellknown difficulty in instructions of radiation protection
for people not yet familiar with this kind of danger is their
difficulty to develop a "feeling" for its relevance. The acti-
vity of a source of radiation and the corresponding radiation
doses are not easily connected but depend on special conditi-
ons. The personal risk connected with a given dose must be re-
lated to other risks experienced in life before an appropriate
perscnal "emotional" scale is established necessary for an
intuitive and adequate treating of every day laboratory situa-
tiocns with ionizing radiation.

The necessary experience is usualy not easily acheaved by the
usual way used by books an lectures. We use a portakble computer
running a programm with a menu driven simulation of selectable
situations in radiation protection.

2.) Instruction in radiation protection by a computer,

The program "RP-TUTOR", a prototype of which is presented, can
the simulate variety of situations with radiation protectional
relevance and the gquick and easy change of parameters like:

the kind of radiation, its energy, external or internal expo-
gsure, different shieldings, exposure time and geometry, the de-
termination of radiation doses, the evaluation of a dose/risk
relation, comparison with other risks, and other possible fac-
tors. Various sources of radiation can be selected or "created".
Different contributions to the radiation and the accociated
risks can be individually studied.

Fig. 1 shows a set of menus selected in sequence. Diagrams to
show the dose/shielding or risk/dose relation can be displayed
for the situation selected. In the present version of the pro-
gram point sources and other simplifications are used, but an
extension to more realistic cases is under way.

One further advantage of the simulation is also that the use of
real radiocactive sources can be avoided. Nevertheless in some
instances experiments should support the instructions. aAppli-
cation of the program to design radioprotecticnaly save labora-
tory experiments is supported.

The program relies on a course in radiation protection written
by one of the authors [1].

References

(1] K.Pingel: "Strahlenschutz als Umweltschutz", Siegen, 1992




558  Environmental Impact of Nuclear Installations

Fig. 1: A menu selection in the CAI - Program "“RP-TUTORR".
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AGRICULTURE, ENVIRONMENT AND NUCLEAR ACTIVITIES:
HOW TO REACT IN CASE OF AN ACCIDENT '

G. Griperay* and R. Coulon*#*

* Fédération Nationale des Syndicats d'Exploitants
Agricoles, Paris, France

* % Institut de Protection et de Slreté Nucléaire,
Fontenay-aux-ROSES, France

Summary

Presentation of a reference handbook analyzing the conseguences
of a nuclear accident on agriculture and how to react in order
to mitigate them.

Based on the right of citizens to be informed on civil security
organization, on the protection of population, goods and
environment ! this book is a preliminary reflexion to post-
accidental planification.

1. Introduction

In the present world, communication is of major importance. The
public asks for clear and complete information in order to
understand and judge the basis of the options chosen by the
political authorities.

In this context, a document entitled "Agriculture, Environment
and Nuclear Activities : how to react in case of an accident

{Agriculture, environnement et nucléaire : comment réagir en
cas d'accldent) was Jjointly prepared by a professional
organization, the "Fédération Nationale des Syndicats

d'Exploitants agricoles" (FNSEA) and a scientifie Institute,
the "Institut de Protection et de Stireté Nucléaire" (IPSN).

2. Motivation and objectives

For many years, the FNSEA, on behalf of its adherents, has been
giving attention to the potential consequences of  .the
development of nuclear activities in the agricultural field :
we must keep in mind that this development is not taking place
in cities but in rural areas.

Before the Chernobyl accident, agriculture and nuclear
activities coexisted without any major difficulty. But after
the accident, the situation changed completely as the farmers
were suddently faced with a lot of confused, and sometimes
contradictory, information to which they did not understand
much except that they encountered difficulties for the sale of
their productions.
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FNSEA leaders were soon convinced that, in this field as well
as in others, good information may avoid a regressive attitude
and allows to face up possible problems. As a consequence, they
decided to approach nuclear experts, and particularly a number
agronomists or veterinaries working at IPSN.

They wrote together the above mentioned document which was
greatly appreciated, thus demonstrating a serious need.

3. The audience

The first category of people concerned by the decument were
FNSEA adherents. Farmers are familiar with-the environment, its
strength and its weakness : in addition, they are realistic and
well aware that sometimes one must compromise with events such
as natural agressions they are often faced with. We must also
remember that farmers were the main victims of the Chernobyl
accident.

But the audience could be broader, including those directly or
indirectly concerned with agriculture (administrative bodies,
public or professional organizations, foedstuff industry...) or
with environmental problems, or the medias (especially the
scientific medias), the teaching profession... and any citizen
anxious to be informed and fully aware of environment as ‘his
lifeplace and agriculture his lifesupport.

4. The objectives

The main objective of the document appears in its title : "how
to react in the case of an accident®™. It intends to provide
information allowing, in the case of an emergency, to take any
initiative apt to mitigate the radiolecgical consequences of the
accident and later on cleverly to apply the protective measures
recommended or laid down by the competent authority.

This information can help the whole agricultural community to
preserve their interests and avoid being overtaken by a
situation that is .sometimes used by some people for reasons
having nothing to do with radiation protection.

To reach these objectives, it is necessary both to assimilate
the information and to understand it as fully as possible. As a
consequence, the document has also an explanatory objective,
especially concerning radionuclide transfer into the
environment, the resulting contamination of adgricultural
products and the consequences of the transformations and uses
of theses products.

It also appeared necessary to present a more dJeneral
information on radioactivity and radiation effects, nuclear
accidents (accidental risks asscociated with the use of nuclear
energy, the main radionuclides invelved), organization of
intervention and protective measures).
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5. The content

The structure of the document results from our objectives,
i.e, ;

- basic knowledge

- consideration about nuclear accidents (including
intervention)}

- contamination of the different components of the
environment
(air, water, soil...)

- contamination of the agricultural products
{vegetables, frults, cereals, milk, meat...)

- pratical exemples.

In order to make reading of this rather big document easier, it
was decided

- to avoid the use of unusual word and to give a
definition of the specific technical terms,

- to use a system of references betwen complementary or
similar parts of the document,

- to make each topic self-sufficient, so that the
reader can read only he is interested in,

- to use a standardized presentation whenever possible,
for instance :

. how contamination occurs ?
what is the resulting risk ?
how to get protected ?

- to balance theoretical explanations and practical
applications.

Nevertheless, this approach cannot avoid some traps, especially
associating simple explanations and scientific accuracy.
Besides It is sometimes difficult to present aspects which are
still in evolution or not fully agreed upon.

6. Conclusicn

It would be 1illusive to believe that such an ambitious
objective can be reached, in a field still rather new, where
all is not always clear and fully known and where emotional
aspects sometines prevail over rationality.

*To be objective, to avold any catastrophic approach but
also any lenitive trend, to try to be clear and well
understood : such was authors' concern. It will be very
useful to know whether they have been sucessful.
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WHOLE BODY MONITORING OF POST-CHERNOBYL BODY
BURDENS IN RUSSIA

P.Hill and R.Hille
Forschungszentrum Jilich GmbH, ASS, Postfach 1913, D-517 Jiilich

Summary

The body content of radionuclides of more than 160.000 persons
in the RSFSR has been examined during summer 1991. An area of
approximately 10.000 km?z extending from close-to-Moscow Tula up
to Zlynka at the Byelorussian border and such including regions
of low and high contamination 1levels in the districts of
Brjansk, Kaluga, Orel and Tula has been covered in the survey.
Up to 7 mobile whole-~body counting laboratories have been ope-
rational with a total number of 20 counters. More than 100
german specialists have participated in the task group. Each
person examined received an official certificate giving the
activity of the Cs-137/134 mixture in the body and a judgement
on the radiation risk invelved., Observed activity levels were
generally much less and in no case higher than the annual limit
of intake acceptable for professional radiation workers. Only
for less than 1% of the people examined the results suggest the
necessity of a further surveillance by health physicists and
physicians similar to the regular medical examination
professional radiation workers undergo.

1.Introduction

The aid programme [1] of the German 'Federal Ministry of En-
vironmental Affaires, Protection of Nature and Reactor Safety!
for regions of Russia affected by fall-out from the Chernobyl
atomic power station included in 1991 investigations on both
environmental {2] and body burdens [3,4]. The aim was an
objective information of the population in order to reduce
unnecessary fears and to remove psychological strain. People
with high burdens have been identified and been reported to the
Rusgian Health Service for future monitoring and medical care.
In all of the more than 110 settlements and 12 counties covered
by the survey the intakes of Cs-137/134 were gdgenerally much
less and in no case higher than the annual limit of intake for
professional radiation workers.

2.Eguipnment

Whole-body counters and incorporation monitors had to bhe
chosen, which allowed mobile operation and had a reasonable
limit of detection (LOD) for Cs-activities (appr. 1 kBg) even
at the counting times of +typically not more than 1 min
necessary to maintain a sufficiently high throughput of people.
Three trailers have been equipped with two cCanberra FASTSCAN
counters and two Herfurth H 13010 WB incorporation monitors
each. An additional two of Nuclear Enterprises's (QBM-1
incorporation monitors have been put into each of 4 Mercedes
609D vans.
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2.1 Model 2250 FASTSCAN Wheole Beody Counter

The two large NaJ{Tl)- detectors (7.6 cm x 12.7 cm x 40 cm) of
the Canberra FASTSCAN WBC allow the safe identification of

incorporated y- emitters. The efficiency is quite insensitive
to the size and shape of the person wmenitored in a standing
position. We have been able to measure reliably the hody
burdens as well of children of 12 kg weight as of adults using
the same efficiency curve by slightly adijusting the position of
children relative to the detectors by means of a turned over
paper basket. The steel shielding with its attenuation factor
of 10 for the Cs-137's 662 keV - line reduces background very
efficiently. With one minute of measuring time a LOD of 260 Bq
Cs-~137 for adults and of 150 Bg Cs-137 for toddlers was
obtained. Only in very high backdground areas the LOD increased
by a factor of two.

¢

2.2 Herfurth H 13010 WB Incorporation Monitor

The H 13010 WB uses a large 50 cm X 80 cm X 10 cm plastic
scintillator in a bed configuration. A 5 cm lead shielding
suppresses direct background radiation . The incorporation
monitor has been calibrated for a realistic Cs-137/134 mixture.
We used the monitors mainly for adults. Using real people with
high body burdens to calibrate the H 13010 WB proved to be
superior to a phantom calibration. A LOD of 500 Bg seems to be
realistic in practical operation.

2.3 Nuclear Enterprises QBM-1

The QBM-1 uses two plastic scintillation detectors in a chair
configuration. Originally designed for monitoring lung
activities a shape- dependent correction factor had to be
applied to account for both the whole-body distribution of Cs
and the small admixture of Cs-134. The QBM~1 is more sensitive
to environmental background than the FASTSCAN or the H 13010 WB
are, The LOD of typically 1.1 kKBg is hidher than expected from
counting statistics partly due to background fluctuations.

2.4 Quality control

Quality contrel included regular background checks as well as
calibration checks with radioactive sources. Calibration of the
incorporation monitors relatively to the FASTSCAN systems has
also been checked by mnmeasuring the same people on several
counters. An intercalibration with a russian phantom used in an
IAEA- intercomparison (5} had been sucessfully performed (3).

3.Results

The open and objective communication of results obtained lead
to a high acceptability of our prodramme in the local
population. In some rural counties the body burdens of up to
70% of the population have determined and “included in the
Russian dose registry. A typical days work consisted of 500 (up
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Table 1:Resulls on whole body monitoring of Russian People 1991

565

district county class 1 ) class 2 class 3 total
Brjansk Gordejewka 4879 1752 270 6901
Brjansk Klincy 43024 3029 924 46977
Brjansk Krasnaja Gora 5727 1151 193 7071
Brjansk Novosybkov 5422 461 45 5928
Brjansk Zlynka 6677 1476 162 8315
Brjansk Starodub 5124 20 o 5144
Kaluga Chwastowitschi 9554 IrT 21 9952
Kaluga Ludinowo 25189 42 g 25240
Kaluga Shistra 9939 43 0 9982
Kaluga Uljanovo 8136 259 4 8399
Orel Bolchov 1446 1 0 1447
Tula Arsenjewo 4953 0 0 4953
Tula Plawsk 4060 0 0 4060
Tula Uslowaja 18661 3 0 18664
152791 8614 1628 163033
Brjansk 70853 7889 1594 80336
Kaluga 52818 721 34 53573
Orel 1446 1 0 1447
Tula 27674 3 0 | 27677
RSFSR 152791 8614 1628 163033
district county class 1 class 2 class 3
Brjansk Gordejewka 10,7 % 25.4% 39%
Brjansk Klincy 91,6 % 6,4 % 20%
Brjansk Krasnaja Gora 81,0 % 16,3 % 2,7%
Brjansk Novosybkov 91,5 % 7,8 % 0,8%
Brjansk Zlynka 80,3 % 17,8 % 1.9 %
Briansk Starodub 99.6 % 0,4 % 0,0 %
Kaluga Chwastowitschi 96,0 % 3,8% 0,2%
Kaluga Ludinowo 99.8 % 0,2% 0,0 %
Kaluga Shistra 99,6 % 0,4 % 0,0 %
Kaluga Uljanove 96,9 % 3,1% 0,0 %
QOrel Bolchov 99,9 % 0,1% 0,0 %
Tula Arsenjewo 100,0 % 0,0% 0,0%
Tula Plawsk 100,0 % 0,0% 0,0 %
Tula Uslowaja 100,0 % 0,0% 0,0 %
Brjansk 88,2 % 9.8 % 20%
Kaluga 98,6 % 13% 0,1%
Orel 99,9 % 0,1% 0,0 %
Tula 100,0 % 0,0% 0,0%
total 93,7 % 53% «1,0%
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to 820) examinations on a trailer and 300 (up to 562)
examinations on a van.

Every person examined obtained an official certificate
testifying the body burden of Cs-137/134 and-signed by a german
specialist. The results have been grouped in three classes.
Class 1 corresponds to body burdens of less than 7 kBg (4 kBqa),
class 2 of more than 7 kBq (4 kBg) but less than 25 KkBg
{15 kBq), c¢lass 3 of more than 25 kBg (15 kBg), numbers in
brackets being wvalid for children. The c¢lass assignment was
indicated on the certificate, too.

The body burdens have been shown to be small in more than 99%
of the all cases (class 1 and class 2 in table 1). Health risks
due to contamination of nutrition can be excluded for this part
of the population. Only less than 1 % of the measurements
yielded body burdens in class 3. Most of these cases have been
found close to the Byelorussian  border, where  high
environmental burdens exist. All body burdens observed have
been assumed to be due to a continuous intake of radionuclides.
Farther assuming , that only a third of the annual dose
commitment is from internal burden, it is concluded that not in
a single case the annual dose commitment exceeded the limit of
50 mSv professional radiation workers are still permitted to
receive. Future monitoring and surveillance by physicians and
health physicists similar to the regular medical examinations
professional radiation workers undergo are suggested for all
those having a class 3 body burden,

Table 2: average annual internal dose 1991 of adults
in some villages of Klincy county

numnber of average annual
settlement adults examined internal dose
[mSv/a}

Unetscha 203 1,7
Beresovwka 29 1,3
Saretschije 106 1,1
Weprin 164 0,99
Uschtscherpje 733 0,72
Blisna 69 0,65
Tulukowschina 180 0,55
Guta-Karetzkaja 346 0,52
Roshnij 538 0,52
Lopatni 518 0,38
Teremoschka 112 0,29
Subbowitschi 35 0,27
Olchowka 675 a,26
Pestschanka 929 0,20
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Using a dose factor of 0.040 mSv/kBg*a internal doses for
adults being older than 20 years have been calculated. All
settlements in the county of Klincy with an average annual
internal dose of 0.2 mSv/a and more are listed in table 2.
Results less than LOD have been included with the wvalue of the
LOD in the calculation of the mean. The survey being continued
in 1992 some of those villages are included in a small medical
programme [6]. Special care will be taken to monitor
additionally individual external doses for a selected group of
pecple.Radiation exposure of the Russian population after the
Chernobyl accident is further discussed in {7].
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Panel-Discussion

To conclude the meeting, a panel discussion was organised, The chairman of the
panel was Claude BIRRAUX (Deputé de Haute Savoie/France) and the vice-
chairman was Bernard MICHAUD (Head of the Radiation Protection Division of
the Federal Office of Public Health/Switzerland). Three main topics were chosen,
each introduced by a speaker from each of the two organising societies, As it is
impossible to report literally all the contributions to the discussion, we have tried
to summarise the most important statements on the topics.

The first of the topics, the Environmental Impact of Nuclear Installations, was
introduced by Serge PRETRE (Congress President and Head of the Radiation Pro-
tection Division of the Nuclear Safety Inspectorate/watzerland) and André LE
CORRE (Département Sécurité Radioprotection Environnement of Electricité de
France).

In western European countries, radioactivity discharges from nuclear installations
to the environment, and the radiation exposure of the workers at these plants and
of the surrounding population, have dropped considerably in the last ten years.
Persons living near commercial west European nuclear power stations accumulate
annual radiation doses of only some uSv. Radioactivity discharges from nuclear
fuel reprocessing plants are still higher than those from commercial nuclear power
stations, but have also diminished, due to substantial technical improvements and
new regulations. Except for some regions - especially in eastern Europe, where
the Chernobyl accident or nuclear weapon production facilities or tests and other
military installations have caused radioactive contamination - artificial
radioactivity in the environment shows very low values and is mostly not
detectable. The environmental radicactivity surveillance has improved and modern
technology creates highly sensitive automatic environmental monitoring networks.
But the increased public concern about radioactivity and radiation should not lead
- after the new ICRP-60-Recommendations - to a further lowering of dose and
concentration limits. What we need, however, is to improve our knowledge of
radioecological processes in the environment, comprising the whole nuclear cycle
- from uranium mines to nuclear waste disposal and plant decommissioning. An-
other field where greater effort is necessary are the relations between radiation and
health effects, {.e. further epidemiological studies should be undertaken, including
an improved dosimetry, in particular that concerning radon and medical radiation
exposure, Finally, western Europe should contribute to the technical and safety
improvement of eastern European nuclear power stations and should therefore pro-
mote an enhanced technological and scientific transfer.

The second topic was entitled Protection Measures for Nuclear Accidents and
International Co-operation, with Hansheiri BRUNNER (Secretary of the
Fachverband, Swiss National Emergency Centre) and Philippe VESSERON
(Directeur de ['Institut de Protection et de Sureté Nucléaire/France) as speakers.

In case of a nuclear accident, the information of the authorities and the population,
the emergency measurement programmes, and the choice of the appropriate pro-
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tective measures in a distance of up to some km from where the accident took
place, are prepared in every country by co-operation of national and local autho-
rities. The Chernobyl accident demonstrated, however, the necessity of certain
emergency programmes up to distances of some 200 km. Internationa! co-opera-
tion became urgent. Therefore, bilateral early notification treaties have been signed
between many of the western European countries, as well as suitable international
treaties within the EC and the TAEA member states, to improve a rapid information
exchange in case of a severe nuclear accident. But this is just the beginning and the
contacts have to be further intensified to include local authorities, the health
physics teams of national laboratories and the national emergency centres, parti-
cularly regarding intervention levels, emergency measurement programmes, auto-
matic environmental monitoring networks, protective measures, and the. assess-
ment of the radiological impact on population and environment of such accidents.
To increase this co-operation, bilateral scientific commissions have been estab-
lished between France and Germany, France and Switzerland, and Germany and
Switzerland. The aim is to harmonise the radiological criteria for nuclear accidents
and the calculation models for protective measures, to open national data bases on
environmental radioactivity (especially those from the automatic networks) to the
health physicists and authorities of the neighbour countries, and finally to organise
international exercises and prepare scientific and epldemlologlcai programmes that
would be carried out after such accidents.

Finally, the subject of Public Relations in Radiation Protection was discussed
with Rupprecht MAUSHART (Publications Officer of the Fachverband/Germany)
and Pierre-Henri GERGONNE (journalisi/France) as speakers.

[t came out that health physicists sometimes feel unhappy about mass media when
informing the public in the field of radioactivity, the environmental impact of nuc-
lear facilities and radiation risks. Scientists definitely have complete information
on all these questions but often are not able to translate their knowledge in a form
that is understandable for journalists and the public. Much scientific information,
for example on radiation risk or cancer probability, is difficult to explain to some-
one without a minimum of mathematical knowledge. In many cases scientists are
members of an authority, a research institute or a power generating company and
therefore seem less credible for the representatives of the mass media than the so
called "independent scientists". These institutions often have their own public re-
lations departments impeding direct contact between their scientists and the mass
media. On the other hand journalists have to "sell" their information and they
sometimes pay more attention to spicy details than to the intention and the real
content of a message. This kind of unintentional misunderstanding can be avoided
by a constant dialogue between health physicists and journalists with the aim of an
objective and understandable public information on risks and benefits of every
application of radioactivity and radiation, Health physicists have to remember that
their main duty is to show up risks and dangers of radiation, where there are some,
comparing them to the risks of our daily life and preventing panic reaction where
there is no danger.

H.V.
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Amersham Buchler GmbH & Co

Gieselweg 1
{D-3300 Braunschweig

Alnor Oy

PO Box 506
SF-20101 Turku

ARIES

44 bis, Bd Félix Faure
F-82320 Chatillon

Baechll Instruments

Chramerhoger 5
CH- 8910 Affoliern am Albis

Canberra Packard GmbH

Hahnstrasse 70
D-8000 Frankfurt am Main 71

FAG Kugelflscher Georg Schiifer KGaA

Postfach 1660
D-8520 Erlangen

Genitron Instruments GmbH

Heerstrasse 149
D-6000 Frankfurt am Main 80

Gotele AG

Schonenhof
CH-8500 Frauenield

Tel.

Fax.

Tel.

Fax.

Tél.

Fax.

Tel.

Fax,

Tel,

Fax.

Tel.

Fax.
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Fax.
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++358 2130983 02

++33 146 57 41 71
++33 1 46 56 69 39

++41 17617128
++41 17610506

++49 69 663 010
++49 69 663 5821

++49 8131 8 08 364
++49 9131 90 92 05

++49 69 768 11 44
++49 69 765 327

++41 54 720 30 30
++41 54 726 30 50




576 INDUSTRIAL EXHIBITORS

Herfurth GmbH

Beerenweg 6-8
D-2000 Hamburg 50

Hoérmann Entwicklungs GmbH

Hauptstrasse 45 - 47
D-8011 Kirchseeon b. Mlnchen

Laboratorium Prof. Dr. Berthold

Caimbachet- Strasse 22
D-7547 Bad Wildbad 1

Minl-Instruments Ltd.

8 Sialion Industrial Estate
Burnham on Crouch, Essex
England CMO 8RN

MoOnchner Apparatebau
fiir elekironische Gerdte GmbH

Mehlbeerenstrasse 2
D-8028 Taufkirchen 1

Novelec SA
Chemin des Clos

BP 147
F-38244 Meylan CEDEX

NUCLETRON

11, Ch. G. de Prangins
CH-1004 Lausanne

SINA Industrie GmbH

Bayernstrasse 53
D-7530 Pforzheim

Tel.

Fax.

Tel.

Fax.

GmbH & Co
Tel.

Fax.

Tel.

Fax.

Tel.

Fax.

Tél.

Fax.

Tel.

Fax,

Tel.

Fax.

++49 40 89 69 40
++49 40 89 69 42 56

++49 8091 52-0
++449 8091 1275

++49 7081 177-204
++40 7081 177-166

++44 62178 32 82
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++49 89 61 2003 15 /1617
++49 89 61 2003 35

++33 76 90 70 45
++3376 4104 36

++41 212524 23
++41 21252353

++497231 3808 01
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SCPRI

BP 35
F-Le Vesinet

Target systemelectronic gmbh

Kélner Str. 99
D-5650 Solingen 1

UEHLINGER-PFIFFNER AG

Picardiestrasse 3
CH-5040 Schéftiand

Veenstra Instruments BV

Madame Curiewei 1
NL-8500 AC Joure

Tel.

Fax.

Tel.

Fax.

Tel.

Fax.

Tel.

Fax.

++331357604 32
++33 1397608 86

++49 212 20 10 41
++49212 20 10 45

++41 64 81 22 81
++41 64 8133 88

++31 5138 16 964
++31 5138 16 919
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SPECTROMETRIE GAMMA PORTABLE
PORTABLE GAMMA SPECTROSCOPY

- TISA
- TIS4
- ISA
- 184

SYSTEME DE MESURE EMBARQUE
MOBILE MEASUREMENT SYSTEM

Deux acquisitions simultanées

carte PC pour sonde Nal
PC board for Nal crystal
carte PC pour détecteur Ge
PC board for Ge detector

Two simultaneons acquisitions :
- Débit de dose Gamma ambiant
- Ambiant Gamma dose rate

- Spectrométric gamma automatique
- Automatic Gamma spectfroscopy

BALISE AUTOMATIQUE DE PRELEVEMENTS
AUTOMATIC SELF-CONTAINED SAMPLING DEVICE

- Mesure et enregistrement permanent du débit de dose
- Permanent measurement and recording of Gamma dose rate

- Prélévements d'air et d'eau de pluie

- Air and precipitations sampling

- Déclenchement sur consigne horaire ou seui! de débit de dose

- Sampling starf according to time or dose rate level presetting / e

DOSIMETRIE TLD
TLD DOSIMETRY

- Dosimeétres et lecteurs HARSHAW/QS

- HARSHAW/QS dosimeters and readers

- Lecteur passeur d'échantillons DOSIMATIC

- Reader with "DOSIMATIC" sample changer

- Machines de conditionnement de cartes et de badges

- Compuier controlled machines for handling of cards and holders

44 bis, Boulevard F.Faure 92320 CHATILLON (France)
Tél, (33) 146 57 41 71 Télécopie. (33} 1 46 56 69 39
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ACHLINSTRUVENTS

Chrdmerhoger 5
CH-8710 AHoltern om Albis
Telefon 01 761 71 28
Telefox 01 761 05 06

Oxford's Gigantic

7%

HPGe Detector
Smashes Previous
Record of 122%*

A year ago we made a decision.

We have always been producers of superior
quality detectors, but always without the
machinery to pull really big aystals.

So we decided to upgrade our crystal facility.
A task we just recently completed.

Then, on its maiden run, our new crystal lab
pulled the world's biggest crystal and hence, the
world's biggest detector - an incredible 157%
with a resolution of 1.96 keV.

Not bad, we thought.
Then, we fired her up again . ..

call 1-800-7-OXFORD
Ask for The Record Breaker

* As advertised in the July 92 edition of Physics Today.

-~ Oxtord Instruments Inc 7
- Nuclear Measurements Group




Cryolectric

- Helium Kahiaggregat mit flexiblar Schlauchverbindung
zum Detektorkopf mit max, 30 m Lange

- Mehrere Detektoren kénnen von einem Kompressor
versorgt werden

- Der Detektorkopf arbeitet auch bei widrigsten
Umgebungsbedingungen

- Robuste Industrieausfihrung

- Geringste Warlungsintervalle
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Computer kontrollierte NIM Module [dr die ferngesteu-
erte Datenerfassung. Zur Qualititssicherung werden
alle Einstellparametsr mit den MeBdaten gespeichert.
- Cl-9615 Spektroskopie Verstirker

- Cl-9645 Detektor Hochspannung

Freolectric

- Zuverléssige und kostenginstige Detektorkdhlung far
den Lahorbereich
- Einfache Adaption an vorhandene Bleiabschirmungen
- Leises und erprobtes Industriedesign .
EINE ALTERNATIVE ZUR STICKSTOFF-KUHLUNG,
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- C1-9633 Analog Digital Wandler
- AIM Ethernet Vielkanalanalysator-Modul

CANBERRA

Canberra-Packard GmbH
HahnstraBe 70
6000 Frankfurt f Main 71

Canberra

Telefon: (069) 6 63 01-0
Telex: 4 16 Q37
Telefax: (069) 6 66 59 21



trahlung sicher bewerten

‘Als

thlen-Meftechnik

Der FAG Erzeugnisbereich Strahlen-Meftechnik entwickelt und produziert Mefigerite zum Nachweis
kiinszlicher ionisierender Strahlung, Durch den Einsatz dieser Gerdte und dié dadurch ausgeléste
frithzeitige Warnung Jassen sich u.a. Sicherheitsstandards verbessern und Gesundheits- und
Umweltrisilen mindern.

Programm: Tragbare digitale Dosis-, Dosisleistungs- und Kontaminationsnachweisgerite,
Uberwachungs- und Kontrolleinrichtungen, Labormefigerite, automatisch arbeitende
Luftiiberwachungsanlagen (z.B. in den Stationen des Deutschen Wetterdienstes, des BMU, des LFU
Bayern usw.), cigenstindige Elektronilc- und Software-Entwicklungen sowie Staubmefgeriite fir
Immissionen, Emissionen und Abgaspartikel.

(D Jodmonitor FHT 1700,
lombiniert mit Aerosol-
Schrittfilteranlage FHT 59 §
(Ausfithruag Fir das Mefnetz
des Deutschen Umwelt-
bundesamtes). Registriert
werden die aktuelle
Aktivititskonzentration fir
1-131 und acrosoigebundene
Spaltprodukte sowie die
alkeumulierte I-131-Aktivitit.

(@) Hand-Fufi-Kleider-Monitor
FHT 65 I zur Personeniibes-
wachung am Kontrollbereich.
Getrennte oder simultane
Messung von Alpha- und
Beta-Kontaminationen,

Mit einem handelsiiblichen
Personenidentifikations-System
lcann der Monitor direkt in den
Personenflufl eingebunden
werdest,

® Hochleistungs-Tonisations-
frammer FHT 191 N mit
integrierter Intelligenz. Durch
spezielle Schaltkreise ist ein
weitgespannter MeBbereich ven
10 aSv/h bis 10 Sv/h zu
verzeichnen. Die Dosisleistung
wird auch bei gepulsten
Strahlungsquellen korrelt
ermittelt.

® (&) Wassermonitor FHT 1900

fiir quasi-kontinuierliche @ Mobiler Monitor FHT 165 L
Probenentaahme, Gegentiber fiir die Uberwachung der
bisher tibtichen Alpha- und luftgetragenen acrosol-

Beta-Uberwachungssystemen ist  gebundenen Radioaksivitdt an
mit dieser MeBanordmung eine  wechselnden Einsatzorten. In
Verbesserung der Nachweis- Verbindung mie einem Personal
empfindlichkeit fiir Alpha-und ~ Computer ist eine zentrale
Beta-Strahler um den Faktor 100 On-line-Datenerfassung mit

bis 1000, je nach Mefzeit und Darstellung des MeBwertverlaufs
Nukiid, zu verzeichnen. moglich.

FAG Kugelfischer Georg Schifer KGaA

Erzeugnisbereich Strahlen-MeBtechnik
Postfach 1660 - W-8520 Erlangen - Germany - Telefon (0 91 31) 90 90- Telefax {0 91 31) 90% 205
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1982 - 1992: TEN YEARS OF EXCELLENCE IN C’_-EI—‘ UQG

INSTRLUMET

SELECTED FIELDS OF RADIATION MEASUREMENT

Creativity

{1 New ideas honoured with awards and patents
{] Participation in public R&D programmes

1 Flexible engineering service

L1 Unorthodox approaches

Top Technology
ASIC-design O
Thick-film hybrids O
CAE-tools Q)

. Innovative Product Lines

1 MINI-MONITOR, MIRA-661

. O GeoSCAN, GammaTRACER

. {1 IRMA, Janus Head, ELIS-Sensor
. 0 ATMOS-12PX, AlphaGUARD

International Partnership

Gammadata (Sweden) Q
Rad Elec Inc. (USA) O
Positron (Ukrainia) 0

J.S.Bland Assoc. (USA) O

Scientific Ambition
Ll Cooperation with Universities

Ll Scientific publications
L Field studies

0 Workshops
0 Seminars 4
Dynamic Growth | 3
. result of all activities 2
1
Genitron Instruments GmbH, HeerstraRe 149, D-6 000 Frankfurt 90, 88 89 90 91
Tel.: 0049-(0)69 768-1144, Fax: 0049-(0)69 765-327




VICTOREEN '

ildung:
reen’s neues
| 190 Survey Meter, mit
| RP-1 Pancake Probe

yduktiibersicht: &  Service und Verkauf:
ationskammer Survey Meter . Schweiz:

Scintillations Survey Meter Gotele AG

Survey Meter CH-8500 Frauenfeld, Schénenhof
>py Neutronen Monitor Tel. 054 720 30 30 Fax 054 720 30 50
malumineszenz Dosimetrie Deutschiand:

maguard Area Monitor Victoreen GmbH

isions Elektrometer D-8012 Ottobrunn, Eibenstr. 83

Rad PC Software Tel. 49-89-6 09 79 34 Fax 49-89-6 0979 36




Nuclear Radiation and
Environmental Measuring System

From a Sensor to an Integrated Networ

Detector Probe Monitoring Stations
Data gathering systems for

Prabes for dose rate connection of gamma probes
datection with different with additional interfaces for

sensitivity further sensors, 6.g. meteoro

alr and waste water analysls

Inteligent probes
with varlable number

of detectors
Interface alternatively
RS 485, RS 232C, FSK modem
of radio data fransmission Software
Data communication and
TP presentation software for
M onitor mg N etwor, kS MS-DOS and UNIX systems
Conception and reallsation
of integrated monitoring
networks for: .
- monitoring of nuclear M Ob”e sy slems
faciltties o Genaral purpose vahicles
- wide area monfioring with Individual measuring
systems

e . and monitoring devices
Modular communication units

HORMANN installations:

HORMANN &

WADIS, Germany
about 2100 monitoriag units

Integrated Network Spain Entwickiu ngs GmbH
900 Intelligent gamma probes

MADUK, Switzerland Hau ptstraBe 45-47
58 moniloting units .

Integrated Network Portugal D-8011 Kirchseeon
15 moniloring units Germany

NPP Pilgrim Station, Plymouth, Mass. USA Tel. 08091/52-261

15 monitoring units

Fax 08091/1275

iy |



Radiation Measuring

UMo is the new Universal Monifor
for Contamination, Doserate and Activity
Measurements in Radiation Protection.
Call for more information.

‘Walllser & Parner « 0-7250 Leonberg

2\ EGzG BERTHOLD

oratorium Prof. Dr, Berthold GmbH & Co. KG - D-7547 Bad Wildbad 1 - P.O.Box 100163 - Phone (7081} 1 77-0 - Fax (70 81) 1 77-100

Austria Belgium France Great Britain Italy -Switzerland USA
(1K 22)94 2251 (02) 25160 10 (01) 47814106 (0727341999 (027610267 (01) 8404573  (615)4 82-44{]
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Tethit AG Ingearunternshaong - Wé} E:
it o o | €2 UED
i Leqrmisesig b T

mab
RADIATION MONITORING SYSTEMS
HEALTH PHYSICS MONITORS

RWM 500, SAM/SIM 1000, ™
RAD-WASTE-MGNITOR [ODINE AND PARTICULATE MONITOR

FMP 645, 4
GAMMA CONTAMINATION MONITOR

MUNCHENER APPARATEBAU FUR ELEKTRONISCHE GERATE GMBH

Mehibeerenstrafe 2 - D-8028 Taufkirchen 1 bei Miinchen
Telefon (0 89) 81 20 03-0 - Telefax (G 69) 61 20 03 35 - Telex 5 23 082 mab d
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REAL TIME o and
MONITORING IN AIR

[ BAE |

ENVIRONMENT o.-8
AERQOSOLS MONITOR

* Direct and delayed measuring
heads

* Real time gamma compensation

+ Real time spectrometric Radon-
Thoron compensations

+ Self check by statistical validi-
ty calculations

+ Spectrae display

« Network inter-connexion

BAB-A : Portable alpha-beta in air monitor

CST 28 : Large area roads contamination monitor
DGS 1 Gamma source finder, very high sensitivity
MSA-P : Drive-through vehicle monitor

WASTE MONITORING MACHINES

zirst - bp 147 - 38244 meylan cedex - france
tél. 76.90.70.45
fax 76.41.04.36
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S'rl SOLON TECHNOLOGIES INSTRUMENTS
Vertriehs-GmbH

vormals Harshaw Chernie GmbH

Eine neue Generation von Thermolumineszenz-MepRplatzen
— vollkommen computergesteverter und -kontrollierter MeBablau,

einschlieBlich MeBwerterfassung
— Verwendung beliebiger Auswerteprofite mit linearem Autheizprofil

— Anwendungsgeblete; Radiotherapie und -diagnostik, medizinische
Forschuny, Doslsmessungen zur Qualititssicherung, Personen-
und Umgebungs-Dosimetrie

— moderne und nuizerfreundiiche Sofiwase mit diversen Erweite-
aungsmbglichkelten durch Nutzer
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WHOLE BODY
DOSIMETER

EXT-RAD DOSIMETER

S'I' l SOLON TECHNOLOGIES, INC.
HARSI'{AW;’QS CRYSTAL AND 2OSIMETRY PRODUCTS

slon Technologies, inc. « 4801 Cochran Road « Solon, Ohio 44139 » Phone: 1-800-472-5656 or 216f248-7400 « Fax: 216/349-0561
»on technologies inshuments « Viktorostrasse 5 « 5632 Wermelsklirchen } » Garmany » Phone: 49-2196-3097 » Fax: 49-21956-6518
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Vacutec GmbH

DorabiOthstralie 14

0-8021 Dresdan
\ Tal.: 03 51/3 47 5205

Fax: 03 5t/3 50 85

MESSTECHNTK

GM-Counters
Proportional Counters
Tonisation Chambers

Si(Li) Semicontuctors

Vacutec* produziert seit lber 35 Jahren Zdhlrohre, Ionisationskammern
und HLB's flir Lehre und Forschung, Industrie und Medizintechnik.
Inbegriffen sind energickompensierte Zshirohre fir Umwelimessungen

in liberregionalen MeBnetzen und Einzelgeriten.

Erfahrungen aus der Militdrtechaik und Einsatz in einer Vielzahl von
PTB zugelassenen Erzeugnissen zeugen von hoher Qualitdt und Zuverlidssigkeit.
Wir idsen mit unseren Detektoren gern Ihre Meflaufgaben.

*ehemals ein Teil von

Robotron MeBelektronik Dresden \/ACUTEC \\\&

MESSTECHNIK

Vacutec GmbH
DombllithsiraBe 14 - 0-8021 Dresden
Tel. 051/ 3475205 - Fax 051/35085
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e Multichannel Analyzer Syste
e NIM Electronic

e Detectors

e Data Systems

e Special Turnkey Application:
a IN-SITU Gamma Spetroscopy

= Waterproof, Ruggedized,
Battery Powered

» Integrated Quantitative Analysis
» Foodmonitoring
= Contamination Control System

ISA-
Integrated Spektrum Analyzer

A complete Spectros-copy system,
all in one, 1/2 length, single slot card
for P and N-Type HPGe-Detectors
as well as Si(Li), CdTe, Nal(TL) and
other detectors.

For additional information call or write:

Kéiner Str. 99
EO r e t ' W-5650 Solingen
Tel.:0212/201041
Fax:0212/201045

Germany

NUCLEAR ELECTRONICS. DATA SYSTEMS, SOFTWARE

systemelectronic gmbh
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