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The orders of magnitude of the potential releases and of the 
radiologibal consequences of the releases are entered in 
forms, and can therefore be obtained without the need for 
calculation. 

However, if a major event modifies the course of the 
accident, and therefore the calculation hypotheses (e.g. 
loss of coolant possibly leading to cladding bursts or to 
melting, implementation during outage of the spray system, 
loss of containment etc.) the initial prediction should be 
readopted. 

2. Honitoring the releases escaping via the stack 

The document provides an outline of the calculation making it 
possible to calculate the amount of radioactivity released via 
the stack by integrating variations in the stack 
instrumentation signal. 

The radioactivity of iodine and other airborne particles is 
determined either by readings taken by the sampling devices 
(carbon cartridge and filter paper), or by calculation, using 
coefficients which alter depending on whether the spray system 
and the iodine traps have been put into operation. 

The radiological consequences of the releases in 
this way are calculated using a software program which makes 
its calculations based on the distance (up to 10 km) and on 
the local meteorological conditions: 

- the whole body dose caused by the passage of the radioactive 
cloud, 

- the dose received by the thyroid gland through inhalation of 
iodine, 

- the dose rates caused by deposits. 

3. Interpretation of readings taken in the field 

The external exposure caused by the plume can be determined by 
the dose rate readings (ambient gamma radiation) taken by the 
site monitor or downwind using portable apparatus. 

Internal exposure through inhalation is ev!iluated by airborne 
dust radioactivity readings (filter papers and active carbon). 
Each station has two vehicles fitted with the necessary 
equipment. 

The "paper" document provides the orders of magnitude of 
radioactivities which can be measured in the vicinity of the 
site, depending on the nature of the accident. 

Outlines are provided which also mak<, it possible to make 

*This software program will 
computerized system featuring 
called a "puff model". 

be be fore 1993 by a 
a more pee"cise diffusion model 



Environmental Impact o[ Nuclear Installations 439 

manual calculations of the ambient radiation (,.Gy/h) and of 
the atmospheric contamination (Bq/m3 ) simply and rapidly, from 
the stack releases, and therefore to compare the results 
obtained from the calculation with the va lues measured in the 
environment. 

The readings and the evaluations made during the accident are 
subsequently noted on diagrams (Figure 2). 
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This method and these tools have been tested 
exercises. Their efficiency has been proven in 
making early evaluations (up to 24 hours after the 

in emergency 
the area of 
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 geographie 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 radioactivity 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 obviously for running 
models. The second reason is the recent development of info­
graphy that allows linking pictures to results of models, 
storage of large amount of data, speed of data processing, 
flexibility of output (variable seal es , 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 oase 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 
Technical Center) and in Russia (Institute of Nuclear Safety) 
is given. 
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2. Software 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 transport 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, er risk analysis. 

2.2. Geographical Information System (GIS) 

Modern GIS technology is organized as a collection of hard­
ware, software, geographie data designed for efficient cap­
ture, store, update, manipulate, analyze, and display all 
forms of geographically referenced information [2-4]. Thus, 
GIS includes graphie programs with a da ta management system 
(relational da ta 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 agraphie da ta 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 cf sets 
cf colored points (picture elements er "pixeln), 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 cf vector: rotation, translation, eta. 
Overlaying is easy to perform, and need few storage content. 
Inconvenients are difficulties encountered for da ta acquisi­
tion directly or indirectly by extracting vector pictures from 
raster pictures. 
So, both DSS/EDSS and GIS we are going to use depend on many 
factors (decision to be taken, speed, efficiency, flexibility 
and compatibility, da ta base management, hardware, etc) , that 
should be taken into account for the DOM. In order to satisfy 
sometimes contradictory objectives different combinations cf 
DSS and GIS possibilities should be used for final presenta-
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tion of the results and analysis. 

2.3 Image Processing 

One of the main problem which arises when making pOllution 
assessment, is 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 da ta 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 
radioactivity 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 Chernobyl accident at the Institute of Nuclear Safety 
(Russia). 

3.1. French Emergency Center 

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

facility, 
technical 
and more 
Installa-

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 fram 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. Two 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 
dirnentional regular grid. Then a specific software extracts 
contour pattern from the base grid predicted values. At this 
step , cartography system is used. The ,üm of this latter is 
to provide decision-oriented maps with enough information for 
the concerned authorities. 
The major functions performed by the ETC cartography system 
are: 1) Display isovalues obtained with the atmospheric dis­
persion models; 2). Add other topics, to be overlaid on the 
preceding map: geographical maps, collected measurements in 
the environment, demography, grid marks -UTM, Lambert; 3). 
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 fram different seales of map. Four classes 
are defined: site scale, 10eal 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 
continuous way, as the user wants. Coordinates used are either 
french (Lambert) or international (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 soil, feod chains, dose-effect models, risk analysis, eta. 
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 systems. 
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, 
intercompared simultaneauslyon the same m<;>nitor. 

analysed, 
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 situation 
after the Chernobyl accident. This work is organized within 
the framework of Information Analytical Centre of IBRAE (6). 
An information about radiologieal, socio-economic and other 
situations is collected and analyzed on thousands of settle­
ments. These comprehensi ve data banks are used for expert 
analysis, prognoses, and preparing different types of maps for 
the decision makers. In this oase, the main tasks are connec­
ted with powerful DBMS of geographically related data. Diffe­
rent scales (from tenth of meters to hundred kilometers) 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 modern tools like Environmen­
tal Decision Support System, Geographical Information system, 
Satellite Image Processing. The complexity of the problem 
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 Bmergency Organisation Radioactivity (BOR) consists of: 
- the Radiation Bmergency Management Board (Leitender Ausschuss Radioaktivität, LAR) 

being responsible for taking appropriate actions in case of an emergency 
- the National Bmergency 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 BOR is given in the paper by H.H. Brunner [I]. Until1991 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 sec!ions overlap at the data information system (called "Phönix"). 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 I): 

- Networks 
- Laboratories 
- Instruments and organisations for mobile monitoring 
- Data Information System (Phönix) 

Most elements of this organisation are in routine operation for various institutions and are ,put 

together in the Monitoring Organisation of BOR for training courses and in case of emergencies. 
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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 Zürich where 
the data are checked for consistency and included in the Phönix 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 weeldy in the Bulletin of the Federal Office of Health. The positiom 
of the NADAM stations are shown in figure 2. Further Information on the NADAM system is giver 
in the paper ofD. Sulmoni [4]. 

Monitoring Posts (Atomwarnposten, A WP) 
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/h and 10 J.lSv/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 reSUItS 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 sampiers 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 sampiers with automatie alpha/heta counting and gamma 
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spectrometry units as weil 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 Phönix 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 
10 17 sensors at distances up to 5 km will be instalied. More details on MADUK are given in the 
paper ofF. 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 arequest by the NAZ. This first program emphasizes the identification of 
Ihe nuclides involved and measuring environmental sampies. 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 sampies, especially foodstuffs. The special labs report their results 
10 the NAZ by Fax or later on directly into Phönix. 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 Na! 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 !here 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 weil equipped radioactivity measurement laboratories 
permanently (figure 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 
cantonallaboratories. 

Other Laboratories 
Besides the officiallaboratories 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. 
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Whole Body Counters 
Whole body counters are in routine operation at PSI and at !Wo 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 purehase two mobile units for in vivo 
measurements (see also Mobile Monitoring). 

Mobile MonilOring 

Monitoring Pattols 
Ten monitoring pattols from different organisations are equipped with instruments for dose rate and 
contamination measurements as weil 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 ineidents (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. 

Aeroradiometty 
One 16 liter NaI specttometty 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 sourees, e.g. 
debris of a satellite with nuclear power systems. 

Mobile In Vivo Counting Systems and Measuring Labs 
It is planned to build 2 mobile laboratories comprising thyroid, thorax and eventually whole body 
measurement instruments as weil as a smaillaboratory unit for gamma specttoscopy, dose rate, and 
contamination measurements. Tbe realisation should be completed by end of 1993. 

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

AC Officers of the Army 
In case of an aceident in a Swiss nuclear power plant, up to 24 dose rate monitoring teams of 
speeialists 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 eivil defence organisation possess 25'000 dose rate monitors each. These 
insttuments with ranges of 10 j.lSv/h to 10 Sv/h are for use of both organisations themselves. 

Data Information System (PhÖnix) 

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 Centte. The data 
information system PhÖnix is being instalIed 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 alllaboratories when the system will be completed. 

In a second step the evaluation part of the system will be set up. The data of the networks and of th< 
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 
Geographie Information System (ARGIS). 

Training and Ouality 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 weil as of members of the population. Both problems are being studied by 
working groups. 
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DECISION SUPPORT SYSTEM FOR EVALUATING 
COUNTERMEASURES TO REDUCE INGESTION DOSE 

Andrea G. M. Schenker-Wicki; Dominique Rauber 
National Emergency and Operation Center, P.O. Box, 8044 Zurich, Switzerland 

Summaty 

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 concemed, 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 aDecisIOn Support System DSS to evaluate 
acceptable countermeasures to reduce in!lestion dose. The system involves all the 
necessary modules and techniques fOT efflcient decision making, based on the most 
recent developments in decision theory, as weil 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 technicallevel. There the different 
countermeasures to reduce in!!estion 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 respect to political criteria. Finally, the most 
effective countermeasures with the best polilical acceptance are proposed to be 
implemented. 

To guarantee decisions of high quality, 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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Environmental 
scanning 

Threat Assessment: 

1) Risk for different 
Dose and activity 

.- calculation programm 
population groups 
in different areas 

Knowledge base 
2) Priority vectors (data and rules) 

Automatical generation of countermeasures 
and their specification 

Expert evaluation of 
Specific hel ps 10 evaluate 

the best countermeasures 
the consequences 

-t Ranking algorithm I 

Political evaluation of 
: Sensitivity analYSiS! the best countermeasures 

Execution I 

Fig. 1: ADecision Support System tor Evaluating Acceptable Countermeasures to 
Reduce Ingestion Dose 
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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 cOlnmitted 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 population 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, biologicalor time restrictions, the list of 
evaluated alternatives has to pass a filtering system. Here those alternatives which do 
not comply wlth the restrictions are eliminated. 

After having evaluated the single 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 consequences their irnplementation can induce to the environment considered. To 
support decision making efficiently the badly defined consequences 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 judge 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: 
Rednction of food-supply or rationing of foodstuffs could cause disturbances and 
panic among the population. Therefore every negative deviation from the average 
food or feeding supply-level should be prevented. 
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Estimation 0/ costs: 
To estimate the costs, the additional expenses for a certain countermeasure have to 
be summed up. Because a J?art of the costs can sometimes be transferred to 
insurance-companies the different possibilities of cost apportion should also be 
considered for decision making. 

Consistency 0/ national decisions (countenneasures) with international ones: 
If the countermeasures taken in Switzerland differ too stron~ly from those 
countermeasures implemented in other countries with a siIrular deposition of 
radioactive material, the population bet;ins to doubt about their accuracy and 
efficiency. A gap between national and mternational 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 expected to be very smalI, 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 belongs to the multi-attribute 
projection methods (4). This set ofmethods is mainly considered for the treatment of 
'l.ualitative data. Due to the lack of information and the stress arising in a crisis 
situation 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 technologlCal 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 soluUons 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 weil as qualitative ones. 

6. Conc1usion 

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 
premise. To gain this acceptance the responsible authoriues and experts have been 
mvolved 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 SwItzeriand. 
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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 fram the cloud. The area involved and the timing for 
this countermeasure i8 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 involved 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 H2 content 
- containment steam content 
- containment radioactivity content 
- weather category 
- wind direction 
- status of the public protection 

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

1.Emergency PJanning Existing Practices 

The existing emergency planning practice in Switzerland is 
described in the federal concept 11 Emergency Planning and 
Preparedness for the Vicinity of the Nuclear Power Plants U 

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 radioactive cloud are not 
necessary. Preplanning are arranged for the ingestion pathway. 

• 
Leibsladt 

$) 

® 
0 

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 

• Zone 2 1s divided into 
6 overlaped sector 

• Warning 1s always give 
to complete Zone 1 and 
complete Zone 2 

• Alert ar always give to the 
complete Zone 1 and also tö 
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 i8 set in motion. The criteria for 
issuing warnings and alerts are given in the Emergency 
Regulations of the NPP. 

A WARNING i8 issued when an accident Qccurs 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 18 issued when an accident evolves in such a way, 
that it could lead to a danger to the environment. The population 
at risk i8 alerted to initiate preparations for a possible 
release at the NPP. 

The RADIATION ALERT is given when the release of radioactive 
material has begun. The population is 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 (radiologicaly) 
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 sorne 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. 



462 Envirortmental Impact of Nuclear Installations 

2.3 Optimisation of the Filtered Venting System Activation with 
the VENTOPT Program 

The PC-program VENTOPT calculates the release of radioactivity 
and transport to the environment in the course of a care melt 
accident upon activation of the filtered venting system (FVS) . 
The pressure build-up in the containment and the radioactivity 
content in the containment are taken fram risk studies. It is 
also possible, to introduce actual data fram PAS-measurements 
(Post Accident 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 strategy 
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others 
? 

protection 
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containment 
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2.3.1 Calculation of the Released Activity after Different Times 

(Fig 4; Tab 1) 

The released activity 1S influenced by 

- radioactive decay 

- sedimentation inside the containment 

- resuspension and revaporisation fram the pool 

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

The aeroBol st has a minimum after ab out 10 h. 

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

(Fig 5; Fig 6) 

It is weIl 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 
cf 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 gösgen) and ( assuming, that these 
situation can be prognosed for some time) have calculated the 
influence of the weather changes within this time on the dose. 

The cloudshine 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) 

Conclusion 

With the filtered venting 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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Fig. 5: Involved Area around 20 km of theplant 
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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 SOlL AND CROPS IN THE CHERNOBYL AREA 

J.M. Quinault 1, R. Arutyunyan2, P. Pieat l , S. Gavriloy2, C. Colle1 C. Fried1i3 

M. Kanevski2, V. Kiselev2, P. Fachet, H. Maubert1 

I INSTITUT DE PROTECTION ET DE SURETE NUCLEAIRE, Deparlemenl de Prolection de 
l'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'e1eclrochimie el de radiochirnie. 

EPFL-Ecublens, CH - 1015 LAUSANNE. 

Summary 
The IPSN is collaborating with IBRAE (INS: Institute of Nuclear Safety of Russia) in the fields of 
measurernents and computer modeling, aod with EPFL (Swiss Federal Institute of Technology, Lausanne) in 
the field of radiochemistry, The opportunity provided by Russia 10 ealleet sampies in a contaminated area 
inside the Chernobyl region enabled us 10 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 beta counting. 
This paper presents the objectives of the project, the progress of the work and the first results obtained. 

1. Radioecology coliaborations 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 radioecology wilh its "Service d'Etudes et de 
Recherches sur les transferts dans l'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 Chemobyl 
site IPSN operates under the terms of two agreements: (i) agreement between the CEC (Commission of the 
European Communities) and CHECIR (CHErnobyl Center for International Research), uoder Ukranian 
patronage, for which SERE is concemed 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, conceming 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 hetween 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 Cl, ß and y radioactivity in soil and plants, (ii) modeling and validation of the models by 
comparing thern with on-site data in the fields of radionuclide migration in soil and transfer to the food chain. 
Olher work is for in the fields of electronic and y spectrometry methods for 

Ural 
branch .,' 

" - .... -... -
'! 11 K~~_~:.~ym 

~ .' _ .. 
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" .. - .. -
Beloruss~ .. Gamel 

~RV 
11 Chernobyl 

Ukraine 
.. Kiev 

CHECIR 

directly measuring in situ 
contamination. 

For many years, IPSN/SERE has also 
heen collaborating in the field of 
radiochemistry with the Ecole 
Polytechnique F&lerale de Lausanne 
(EPFL), Switzerland, particularly as 
concems measuring strontium 90 
using chemical separation and ß 
measuring techniques. The Lausanne 
team were thus the obvious choice 
when SERE needed 10 take strontium 
measurements on their Belorussian 
sampIes. 
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Onee adefinition of the joint work planned had been established (in particular by Messrs. Arutyunyan and 
Picat), several missions were undertaken in France, Russia aod Belorussia by Messrs. Gavrilov and Colle on 
the sampies aod measurements, ami by Messrs. Kanevski and Fache on the implementation of predictive 
models. Messrs. Friedli aod Colle also met to tackle the problems of using radiochemical techniques for 
measuring strontium. 

2. Sampling, measurement and observations 
2.1. Sampling 
Soil aod plant sampies were taken oear the village of Dzerjinsk in the Narovlya region (hence the sample­
identifying letters NRV) of the Gamel 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 Caesium 137 per square meter, according to our 
measurements. Considerahle variation is found hoth in the deposits and the types of ecosystem (natural, semi~ 
natural and cultivated) together with a variety of soils, plants and types of cultivation. 7 cm diameter soil 
sampies were taken to a depth of approximately 20 cm. the standard depth accepted by the UIR (Union 
Internationale des Radioecologistes). These sampies were then fractioned into 1 cm thick sections for 
uncultivated soils and 2 cm thick Sampling Type of soil Plant 
for the rest. Plant sampies were 
taken in the immediat.e proximity 
of the soil sampies. The plants 
sampled were c10ver or grasses, 
depending on what was available at 
the time of sampling. 

point 
NRV26 

NRV 31 

NRV34 

2,2. Measurements and observations 

Uncultivated permanent meadow 
(former garden eich in organic matter) 
Uncultivated permanent meadow 

Cultivated temporary meadow 
(quasi-uniform radionuclide concentration) 

grasses 

clover + grasses 
c10ver 

y measuring on the various sampies was performed at Cadarache and strontium measuring was performed in 
Lausanne, IBRAE undertook gammametry measurements;1I si/u. 
IPSN performed the laboratory measurements 
for the principal gamma~emitting 

radionuclides on all the soil sampies hrought 
to Cadarache, The total deposits per m2 in 
table 1 were extrapolated from measurements 

Table 1: Total deposit of cesium 137 (kBq/m2) 
Sampling Laboratory In situ In situ/lab. 

point measurements 1 measurements 2 ratio 
NRV 26 130 

on all the soi! sampies taken on the various NRV 31 850 
80 

700 
0.60 
0.80 

sites. IBRAE used a sensor located 1 meter ,:::'N"R':'V_3e:4'::---:-_;::--'6:::4"0 __ :-:---::::::::'6:=2,,0 ____ -"0,,.9"'8'---_ 
above ground level, together with a I Total vertical profiles measured by IPSN 
calibration curve to measure the total quantity 2 Overall measurement 1 m from ground I~vel, recorded by IBRAE 
of cesium 137 deposited. As Table 1 shows, 
this simple, in si/u method gave good results, particular where cesium distribution was uniform. In contrast, it 
underestimated the deposit somewhat (20 10 40%) ,when cesium was mainly concentrated on the surface, 
Figure 1 (conc~ntration curves as a function of the depth of the center of each section) shows results of y 
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measurements for cesium 134 
and 137 on the 1 cm soil 
sections from sampies NRV 
26 and 31 taken from 
uncultivated soils after the 
Chernobyl accident, together 
with the results for ß 
measurements on strontium 
90 at sampling point NRV 
31. Given the uniformity of 
the soil due 10 the cultivation 
methods used. soil NRV 34 
was not used for studies on 
the migration of 
radionuclides, 
Concentrations of cesium 134 
are approximately ten limes 
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weaker Ihan those of cesium 137 (end Delober 1991, which is the equivalent of a ratio of 2 in May 1986) 10 a 
depth of approximalely 12 cm. Beyand Ihis depth, the presence of previously deposited cesium 137 due 10 
fallout from Chemobyl increases Ihis factor of 10. Verlieal distribution of cesium 134 and 137 concentrations 
are parallel aod similar, proving thai migration is Iinked 10 the element cesium aod not a funelion of the 134 or 
137 isotope. Although cesium deposition was approximately 7.5 greater al point NRV 31 Iha." point NRV 26, 
figure 1 shows that the Iwo verlieal concentration profiles da not have the same slope and that downward 
migration was greater in former garden NRV 26, al least 10 a depth of 14 cm. This is undoubtedly explained 
by the nature of the soil and the presence of organic malter (peat) that tends to diminish the sorption 
eoeffieient of cesium in soil, and consequently 10 inerease downward migration. 
Strontium measurements were carried 

~ 

Flgu,o 2 • C'IIIlum .nd tl'Onllum conco,..".llone 
I,.. tho NRV 31 loil ve' ..... depth 

~ 
~ .~ 

out by C. Friedli in Lausanne. It will be 
seen that the "strontium-NRV 31" curve 
in figure 1 has tlle same general 
appearance as the "cesium-NRV 31" 
curve. Figure 2 combines curves for 
cesium 137 and strontium 90 for 
sampling point NRV 31 on a log-log 
graph. These curves have a simiJar 
slope. This suggests that the retention 
and migration behavior of strontium is 
similar lolhat of cesium, for NRV 31 
soil type. 

• 
~ .. ~ 

o IlRV11 co-mr 
"<; I ° mv 11 s.·\lO 
~"'o , 

2.3. Transfer to plant cover 

" ....,~ 

'00 

Table 2 shows Ille 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 

eoncentration over 20 cm. Tahle 2 Cesium concentration in soil and c10ver + associated transfer factor 
Although the representative 
nature of this average is open to 
question for point NRV 31, 
where distribution was very 
uneven, the transfer faetors are 
nevertheless of the same order 

Radionuclide 
137Cs 
134Cs 

of magnitude as one another and 'Bq/kg dry soil 
those given in the literature'" . 

Soil' 
3,200 
300 

NRV 31 

Clover2 

210 
24 

2Bq/kg dry matter 

Pt3 

0,066 
0,080 

SOll 

2,000 
190 

NRV 34 
uniform 
Clover2 

100 
10 

3kg dry soillkg dry matter 

Pt3 

0.050 
0.053 

Table 3 shows results for soil-+grass transfer al 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 results have also been confirmed by IBRAE, who 

Tahle 3 Cesium concentration in soil and grass + associated transfer factor 
NRV 31 NRV 26 

obtained practically the same 
values. A tentative explanation 
of this difference might be in 

f 'f uncultivated old garden terms 0 resuspenSlon 0 -

radionucHdes and their -,R".",d7io~n"u"c",li",d",e __ =:S,=oi,,1:-' _.-:G"r"a"s"-s2 __ .,.:.F,;.t
3:-;-_-,S"o"il,;-' __ .o;G"r,,,as=,s::-2 __ -::P-,;t

3
,--

redeposition on plants. This 137Cs 3,200 220 0.066 425 3,100 7.3 
134Cs 300 23 0 076 40 300 7 3 phenomenon may play a part, but . . 

further study of the differences is lBq/kg dry soil 2Bq/kg dry matter 3kg dry soillkg dry matter 

eertainly needed. 

3. Modeling and validation 
A predictive model for the migration of radionuc1ides deposited on soil, CATHY, has been developed by H. 
Maubert [2] [31. 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 : solution 
equilibrium between the solid and liquid phases exists and is reached very rapidly, this equilibrium, expressed 

... UIR 1987 [1] Soil-to-plant Transfer Factar: Cesium sandy soil Clover 0.06 (dry weight) 
Grasses 0.15 (dry weight) 
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by the sorption coefficient. Kd• is 
coostant in time aod space aod 
independent of the total quantity 

e.(SC)+p.(SS) = D. e.(S2C)_u. e.(SC) 
SI SI Sz2 Sz 

Radionuclide concentration in the liquid phase 
Radionuclide concentration in the solid phase of soi! in 
place 
Sorption coefficient of soH in place** 
Relative hurnidity of soi!: rn3 water per rn3 saH in place 

of solution present, the soil is 
permanently water-saturated, the C 
seepage velocity is cooslant S 
throughout the observation, the 
diffusion coefficient of seepage 
water in the soi! is cooslan! aod 
independent of depth. p Density of soi! in place 
"''''Note: The sorption coefficient 

Bq/rn3 water 
Bq/rn3 soil in 
place 
dimensionless 
dimensionless 

kg dry soiVm3 soU 
in place 

of soH in place, Kd is u Average rain seepage velocity (penneability) 
dimensionless aod is deduced D Diffusion coefficient of seepage water in soll 
from coefficient Kd', commonly z Depth; increases downwards 

m/. 
m2/s 

obtained in a cJosed (batch) 
reaclor, with the dimension llkg 
dry matter: Kd = l,33.Kd ', 

Unit oftime 

m 

Validating a predictive model is a difficult operation because various techniques and criteria can be used, 
which include two distinct objectives (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. Kd = 500 for cesium and 20 for strontium, total 
rainfall600 mm per year and the estimated value of the amount deposited at end April 1986. 

Figura 3 - Comparison obsarvad I calculated (standard parameters) concentrations of 
cesium 137 and strontium 90 in soils horn Narovlya 
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Figura 4 ' Comparison observad / calculated (non-standard parameters) 
concentrations of casium 137 and strontium 90 in soils from Narovlya 
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Although our calculation results for standard conditions agreed reasonably weil with the observations for 
cesium, particularly for sampling point NRV 31 for the first few centimeters, the situation was quite different 
for strontium. In Ihis ease, the standard code overestimated migration 10 the extent that the surface 
concenlrations caJculated were virtually nil, whereas they remained high in reality. 
Both 10 aecaunt for the respective influence of each parameter and 10 obtain values that correspond 10 the 
natural conditions encountered, the CATHY model was reused with non-standard parameters, in particular a 
lower Kd for NRV 26 10 take the presence of peat into aecaunt, and a higher strontium Kd for NRV 31. In this 
last case, two values for the diffusion coefficient of seepage water in the saH were also tested: the standard 
values and a value fifty times higher.The choice of adjusted parameters can improve the agreement between 
observation and caJculation, but only within certain limits. For example combining inereased values for Kd 
and D (fifth eurve, figure 4) is a reasonable eompromise, even though it does not sueeeed in explaining deep 
migration. Same of the basie hypotheses will undoubtedly have 10 be revised to produee a new code that, 
although perhaps more accurate, will also be more complex. 

Modeling the soil~plant transfer faetor is normally a simple matter. Tbe diffieulty often lies in defining the 
eoneentration of soil to be used, partieularly where radionuclide distribution in the soil is non·uruform. A 
predietive model using vertieal distribution of eesium in soil and a notion of Kd would undoubtedly be more 
effieient than the over·simple eule of three. Tbe CATHY model eould inc1ude a module foe ealculating soil~ 
plant transfer based on the distribution of radionuc1ide coneentrations 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 enough to be applied. 

Conclusions 
Analysis of results gives rise 10 the following general refle<:tions : 
• the ill silu y spe<:trometry measurements performed by the IBRAE are valid, even though they appeae 

somewhat 10 underestimate deposition where radionuelide distribution is non·uniform, 
• the m~ority of radionuclides deposited remain near the surfaee with a regular decrease in eoneentrations 

to a depth of approximately 15 em, 
• eesium migration in the soil of former garden NRV 26, whieh eontained organie matter, is greater than in 

the podzolie soil of NRV 31, at least 10 a depth of 14 em, 
• in the podzolie soil of NRV 31, strontium behaved similarly 10 eesium, for whieh 95 % of the total 

quantity present was in the first 5 eentimeters, strontium being nevertheless present 10 a depth of 20 em, 
• in this ease, the rehabilitation techniques used for eesium ean be applied for strontium, 
• soil~plant transfer faetors are elose to !hose deseribed in the literature [1], exeept for grasses at sampling 

point NRV 26, where they were 100 limes greater, 
• Ihis last differenee ean partly be explained by higher soil eoneentrations of eesium in the rools and a lower 

Kd than in the podzolie soH of NRV 31, 
• the CATHY 2.0 predietive model gives predielions that agroo weIl with observations for the eesium in the 

first few eentimeters, but not for strontium, for whieh the standard parameters must be re·evaluated, 
• the diffusion eoeffieient of seepage water in the soil sooms to be an important parameter. The standard 

value of 1.10-7 m2/s appears overestimated sinee a value 50 times greater noticeably improves the 
agreement between observation and ealeulation for strontium at point NRV 31, 

• the value of the apparent Kd is of the order of 500 to 600 for strontium and eesium at point NRV 31 and 
200 for eesium in former garden NRV 26. 
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REACTOR ACCIDENT AT CHERNOBYL - EVALUATION OF TIIE S-YEAR DOSE 
EQUIVALENT COMMITMENTS IN THE DISTRICTS OF KALUGA AND BRYANSK 

E. Finke (1), P. Hili (2), R. Hille (2) and P.F. Sauermann (2) 

m Federal Board of Health, Berlin Department 
Research Centre Jülich, Dept. for Safety and Radiation Protection 

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 produee in the 
diet. 

In the first five years the eumulative dose was smaller than 100 mSv at allloeations and 
only exceeded the average limit of 20 mSv per year recommended by the ICRP 60 for 
persons professionally exposed to radiation in two loeations in 1987. However, in both 
eases 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 allloealities. 

1. Introduction 

In summer 1991, the Research Centre Jülieh earried 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 
distriets of Kaluga and Bryansk were measured as part of the measuring programme /1/. 

Applying simple models for the time course of soil contamination 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 or Internal Radiation Exposure 

2.1 1991 Annual Dose 

The annual dose H i can be ealculated 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 i (1991) for the year 1991 is then given aecording to: 

H i (1991) = A • (DF) (1) 

with the ingestion dose factor (DF) of 4.0 'lO-'/1Sv!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 i (1991) were determined 
from the average ingestion dose for ten loealities eaeh 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 radioaetive soil contamination from Cs-137 in this area was between 1 
and 30 Ci per km', f.e. between 3.7 ' 10' and 1.1'10' Bq per m'. lt was thus in the same 
order of magnitude as the eontamination 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 Chernobyl on the time eurve of the ingestion dose reeeived by the population in 
Berehtesgaden in the years 1986 - 1990. 

By analogy to an estimation of the fulllifetime equivalent dose in /2/, the five-year dose 
H,(R) ean be ealeulated 

aeearding to 

with 

resulting in the following 

H, (R) 
H, (R) = H, (B) . --­

H, (B) 

H, (R) = A • (DF). 

H, (B) • (DF). 
H, (R) = ----- . A 

H, (B) 

=C'A 

(2) 

(1) 

(3) 

Ais here the average ambient dose of the measured body burdens. For adults, C results 
as the average of the C values ealeulated far men and women /3/ as 

C, = 1.88 
and C, = 0.1 

(1st five-year period) 
(2nd five-year period). 

3. Estimation or Extemal Radiation Exoosure 

3.1. 1991 Annual Dose 

The determination of the 1991 annual external dose is based on measurements of soil 
eontamination with Cs-137 /4/. 

The method used by us far dose reeonstruetion is based, aeearding to /5/, on the results of 
more than 10,000 dlreet measurements of the external radiation dose using 
thermolumineseenee dosemeters implemented in areas with surfaee eontaminations of 1 -
60 Ci/km' in the years 1989 and 1990. 

The annual external dose H e (1991) is aeeardingly determined by the following simple 
relation: 

A 
He (1991) = - . (DF)F 

F 

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

Ain curie 
F in km' and the 
surfaee dose faetar (DF)F in 

rem· km2 

a • Ci 

The values of (DF)F preseribed aeearding to /5/ amount to the following for 1991: 

a.) 0.013 

b.) 0.009 

e.) 0.006 

" 

" 

rem' km' 

a . Ci for villages and loealities 
outside those towns speeified 
in b.) and e.) 
far towns and administrative 
centres 
for distriet eapitals. 

(4) 
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Using the values measured within the framework of the measurinll prollramme of the 
Federal RepubIie of Germany and given in /4/ far soi! contaminatIon wlth Cs-137, the 
annual external doses H. (1991) far ten locations eaeh in (he districts ofKaluga and 
Bryansk /3/ were determmed by equation (4). 

3.2 5-Year Dose Equivalent Commitments 

Sinee the element eaesium, and thus also the isotopes Cs-134 and Cs-137, is strongly 
absarbed on clay minerals in the soi! /6/, it is stilllargely present in the uppermost soH 
layers. In the case of undisturbed rural soils no reduction in soi! contamination going 
beyond the natural decay rate of about 8 % per year is to be expected. 

However, in town environments and with the appIication of soi! decontamination 
methods annual decreases in soil contamination ofup to 30 % per year are possible /7/. 
In our estimation of external radiation exposure in the two rural areas of Kaluga and 
Bryansk we ass urne a decrease of 10 % per year and thus remain on the safe side. 

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

H =H . qn 
n 0 (5) 

p 
q = 1+--

100 

where n is the year and p = -10 % is the decrease ofthe external dose per year, and the 
five-year equivalent 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 distriet received ar 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 a11 
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 alllocations 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 Weprm, 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 1 mSv per year, Le. 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 monitared medically and dosimetrica11y in the same way 
as persons professionally exposed to radiation. 

Recommendations far setting up the required medical faci!ities are given in /9/. 
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Table 1: Total dose commitrnent to adults in the fIIst two fIve-year periods after the reactoI accident 
in Chernobyl in sorne places of the distriet ofKaluga 

1. fIve-year dose mSv 2. five-year dose rnSv 

place population external internal surn external internal surn 
-

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 4" 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 cornmitment to adults in the fIIst two fIve-year periods afteI the reactoI aceident 
in Chernobyl in sorne places of the district of BIjansk 

1. five-year dose rnSv 2. five-year dose rnSv 

place population external internal surn external internal surn 

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 11.1 78.1 89.2 7.1 4.2 11.3 
Uschtscherpje 1600 12.7 34.1 46.8 8.2 1.8 10.0 
Weprin 250 23.8 46.4 70.2 15.3 2.5 17.8 

Table 3: Recommended dose limits [8] 

dose limit 

application occupational public 

effective dose 20 rnSv per year 1 rnSv 
averaged over 5 years 
< 50 rnSv in any single year 
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ORGANIZATION OF AREHABILITATION WORK CENTER FOR 
A CONTAMINATED SITE OVER A LARGE AREA 

M. Jacques PENNEROUX 
Atomlc Energy Commlsslon (France). 

Abstract: 

Arehabilitation work centre for a contamlnated slte over a large aera, and the complexlty of such a 
centre, will requlre the setting up of a very Important organlzatlon, strict and Inevitably thought oul 
ahead, because It Is likely to last for several months, If not several years. 11 must take Into account, In 
particular : 
- The Installation of several hundred workers, and an important depot of decontamination equlpment 

and civil engineering devices ; 
- The stock of waste produced and its evacuatlon (the volume can be important). 
A greaLnumber cf French and fareig" documentation treats deconlamination lechniques for radioactivity 
In the envlronnement, and the organlzation of a response team at the reaction phase. 
Very few papers treat the organization of arehabilitatIon centre. 
Thls Is the objecl of thls document. 

1. Reminders : 

Further to an accldent of a radlologlcal character, the followlng three phases can be noted : 
the reflex phase (or Immed!ate reaction phase) ; 

- the reflectlve phase (or analysis phase of the situation) ; 
- the rehabilitation phase. 

1.1 The reflex phase: 

Corresponds to : 

the setting up of first asslstance (flre, medlcal ... ) ; 
the transmission of the alarm to civil authorities (and eventually to military authorities) ; 
the marking out of the contaminated area ; 
the assessment of the fallout charts; 
first release to the press; 
starting evacuation of people from the contaminated zone. 

1 .2 The reftective 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 souree term ; 
assessing the radlologlcal risk by analysing the results of measurements already carried out on the 
field and In the environment, and by studying risks of contamlnatlon whlch has been deposited on the 
ground being Iransferred elsewhere : 
determining the trajectory of the cloud and its associated fallouts. Thls determination can be carried 
out with the help of calculation codes, and can also be made during the reflex phase. Dellmitatlon Is 
specified by an air mapplng system, and by in situ measurements ; 
gathering together specific information of the damaged site : types of dwellings, road network, 
farming, agriculture, vegetation, hydrographlcal networks, demography, medical and hospital 
infrastruclure, etc ... ; 
defining Cf confirming the action levels which are to be consldered as being indicative intervention 
levels allowing for the determination of counter measures as a whole wh ich are necessary as first 
actions for rehabilitation; 
setting up permanent radlologlcal surveyance of the slle and environment. 
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b) The stabillzlng of the situation corresponds essentlally to the following actions : 

ensuring the functlonlng of all security posts : fire, guarding, transmissions, etc ... ; 
organizing command posts, as weil as entrance and exit of personnel and equlpment for Intervention 
In the contaminated zone; 
finishing evacuation operations cf persons in the contaminated zone and ensure their medical and 
radiological follow up ; 
finishing marking and guarding of the contamlnated zone; 
limlting the radiological consequences of the accident by temporary containment of contamination 
deposiled on the ground and other surtaces ; 
determining decontamination techniques which are to be set up ; 
startlng to give out Information to the pUblic, which must be done as soon as possible. 

2. Oroanization of the rehabilitation work site. 

The reflex phase and the reflective phase havlng been carried out, it is then posslble to start the 
rehabilitation phase itself, wich corresponds to counter measures to be taken to restare 811, cr part of, the 
area affected by radloactive deposlts (agricultural ground, dweilings, various buildings, ... ) which has no 
radiologlcal risk to human belngs, that Is to say, to bring back contamination levels to pre-established 
values (or values guides ). These crlterla can eventually be adjusted by competent authorlties (In France 
the SCPRI (the lonlsing Health Physics Centre) advlsed on by the National CommlUee of Medlcal 
Experts). 
The rehabilitation work site will consist of (annex 1) : 

an outside command post; 
an advanced zone sltuated at the frontier of the contaminated zone; 

- a no man's land cr security zone: 
- the contamlnated zone whlch has to be cleaned up. 

To describe this in more detail : 

a) The outside command post: 

Globally manages all rehabilitation operations for the damaged site. 
Has missions to : 
- control 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 unlt which advlses the person responsible for all rehabilitation operations on the site and 
who controls organization of the outside command post; 
a transmission unit, whlch ensures the liaison between the local and different national authorltles (civiI 
and military) and wlth the advanced command post. It controls the different transmission means and 
frequences ; 
a unit for anticlpated operations, whlch establishes the work projects, bearing In mlnd fixed prloritles, 
the weather forecast, the type of land, the work already carried out, the evolution of the radio'ogic.' 
situation. Thls unlt is composed of : a "weather forecast" office, In liaison with the National Weather 
Forecast Office; a "Iand-study" office, whlch Is in charge of hydrological studles of the land (points 
where water collects, nature of land ... ) further to Information from maps given by speclalized 
services; an "evaluation of resuits and work previslon" office , which establishes the rehabilitation 
work plans further to reports given by work sltes and research done by other different offices ; 
a "waste management" office, which controls all problems IInked to packaging of waste, and 
provisional or definitive storage of these wastes ; a "radiologlcal situation" office, whlch keeps up to 
date the radiologlcal situation of the sile and its environment further to measurements carrled out on 
the contamlnated zone and outside the contaminated zone. 
a unit whlch controls the personnel, equipment and provisioning of water and energy to the work sile. 
Thls unit is composed of : a "budget accountability" office which controls the budget and ensures the 
accountability of the site as a whole ; a "personnei" office, which Is In charge of organizlng the 
recruiting of specialized personnel, according to the needs of the slte, and which centrallzes the 
follow-up of personnel on the medical slde, on the radiologlcal slde (resuits 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 
functlon of the work site, and in liaison with Ihe "budget accountabllity" office; an "energy-wate(' 
office, which controls the supply of energy (hydrocarbures and electircity) and water 10 Ihe slte ; a 
"free zone" which controls Ihe supply of fOod, of organizing Iodging for the personnel (in liaison with 
civil and military authorities), and organlzing transportatIon for personne!. 
a "public relations information" unit ensures the release cf information to public authorities, local 
candidales and the population concerned, the general publlc and the media. Thls mission, of capital 
Importance in the management of a crisis caused by a radiological accident, must be considered as a 
permanent concem for the responsible aulhorities. This unil is composed of : information for public 
authorities" office, whose work il is to write oul technical and operational reports to be sent to 
ministerial authorities, both civil and military. It also has to organize vlsits for important persons to the 
site ; a "publlc relations" office, whlch centralizes information concerning the sile, in liaison with the 
other units, draws up press communications and organlzes Ihelr release, prepares periodical press 
conferences, ensures information is given to personnel on sile ; a "coordination cf information" office 
which verifies Ihe compatibility of information from the different organlzatlons and controls Ihe correct 
release and interpretation of the communiques. 

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 funclioning of the different siles are present In this zone, which 
includes: 

An advanced command post, which ensures liaisons with Ihe outside command post and which 
coordinates Ihe functioning, security and actlvity of Ihe differenl sites. It is composed of a 
"transmissions" office, which ensures the permanence of liaisons with the outside command post and 
with the site as a whole (release of alarms, communications linked 10 the work : work and securily 
frequences). It 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 declsions given by Ihe outside command post, the dlstribulion of tasks between the 
differenlleams. It establishes daily areport on work carrled out. An "equipment" office which keeps 
up to date the availability of the personnel and equipment. It centralizes Ihe requests for malerial 
necessary ; a "waste" office which controls all problems related 10 the treatment and slorage of 
waste produced On accordance with decisions taken al Ihe outside command post) ; an "outside 
securitylf office, which ensures the technical sUlveyance cf the sile by a video network cr by 
obeservers. 
A contral and security post which ensures the proteetion cf the contaminated zone and free zone 
against any penetration of non-entltled persons (24h/24h). 
A group for storage, maintenance and preparation of materials, which is composed of : a team in 
charge of storage and distribution of materials, fuel, water ... ) ; a leam for preparing equlpmenl, 
maintenance and repalrs (personnel specialized in mechanies, electronies, transmissions) ; a 
"research" team 10 develop, in liaison with the staff working on the site, all equipment adapted to the 
speciality of certain work. 
A storage area for packaged wasle. 
A teaching site to train Ihe staff for work in Ihe contaminated area, particularly for certain work wh ich 
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 dosimetry of Ihe intervention team. This 
unills composed of : a radioactivity analysis laboratory which treats only urgenl analyses. The other 
tests are sent to specialized laboratories ; mobile health physics teams to ensure the sUlVeyance and 
sampling on the field. 
A medical centre, which : ensures the daily follow up of the personnel working in the contaminated 
zone as weil as in the nearby non-contaminated zone ; gives first aid In Ihe 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 sile. 

c) The no man's land zone. 

This zone Is made up of : 
An intermediary zone for Ihe control and decontamination of staff and equipment before Iheir transfer 
to the advanced non~contaminated zone, and the contaminated zone. 
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A securlly zone around Ihe conlaminaled zone in Ihe evenl 01 conlamination belng extended. IIsslze 
depends on wealher conditions al Ihe time, and nalure 01 Ihe ground. This zone includes : an area lor 
personnel conlral, an area lor equipmenl conlrol, and an area lor wasle Irealmenl (annex 3). 

d) The conlamlnaled zone (annex 4). 

The conlaminaled zone is divided up Inlo a certain number 01 war!< slles or areas 01 activily lor which Ihe 
nalure 01 Ihe war!< will depend on : conlaminalion levels, nalure 01 Ihe ground, reliel and Imposed 
priorities. 
Each 01 Ihe war!< siles will be fitted oul lor each particular job: a lemporary cenlre lor wasle produced, 
an improvised decontamination centre sltuated near the sites, and a worklng area. 
An area lor lemporary slorage 01 ali wasle praduced, while awaiting Iheir packaging, and an area lor 
sloring and repairing conlaminaled equlpmenl will be fitted oul near Ihe conlaminaled sile. 
II 15 Importanl 10 nOle Ihal Ihe deconlamlnallon lechniques sei up musl Imperallvely consider Ihe 
problem 01 wasle praduced and so be Ihoroughly Investigaled so as 10 limil 10 a maximum Ihe quantities 
01 wasle praduced. The wasle comes mosl particularly Irom Ihe deconlamination 01 Ihe graund, bul also 
Irom Ihe wor!< area : used clolhing, emuenls, equipmenl, elc ... 
The supply 01 energy and waler 10 Ihe dillerenl siles will be made eilher by a syslem 01 cables and 
pipelines coming Irom Ihe non-conlamlnaled advanced zone, or by lanks or drums and generating 
planls. 
The access 10 Ihe war!< siles will be made by vehicles or by 1001, and loliowing a mar!<ed roule. The 
vehicles will be parked, al Ihe end 01 Ihe day, In a special car park silualed nearby Ihe conlaminaled 
zone. 
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WASTE MANAGEMENT OF CONTAMINATED AGRICULTURAL 
PRQDUCTS 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 Tübingen, Gerroany 

summary 

A procedure is described by which it is possible to dissolve and 
concentrate radioactive cesium fram contaminated agricultural pro­
ducts after thermocatalytic conversion and, therefore, substan­
tially reduce the amount of radioactive waste. 
The therroocatalytic low temperature conversion in the range of 
2800 C to 3800 C converts biomass (in this case whey powder) to oil, 
fatty acids and coal. After the conversion tbe initial 134cs and 
137cs activity is entirely found in the coal. cesiuro i5 extracted 
with water or aqueous solvents from the coal and is subsequently 
separated from the liquid with potassium iron (III) hexacyano 
ferrate (11) (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 described here i6 effective, economical aod requires 
minimal apparative design. Moreover the other resulting products 
can easily· be disposed, or can be used for other purposes. 

1. IntroductioD 

After the Chernobyl accident in 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 
134cs 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 acti vi ty of cesium 
about 5000 Bq/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 years [2). For decontamination the whey powder was 
dissolved in water and the radioactive cesium 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 cf the whey powder to coal followed 
by an extraction with water or aqueous solvents and the selective 
adsorption of cesium on potassium iron (IlI) hexacyano ferrate 
(Il) [3-6). 

2. Experimental 

The process of decontamination consists of three steps as shown in 
Figure 1. 
100 to 500 9 of the contaminated whey powder was converted 
thermocatalytically in an oven for discontinuous low temperature 
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I lihey powder 

Low temperature conversion (300-380oC) 

.. '* .. 
,- Reaction I oil I I Gas 

- - ... Cosl water 

Extraction with water or 
aqueous so1. vent 

.. 
contaminated Decontaminated 
so1.ution (extract) coa1 

Adsorption on potassium iran (!II) 
hexacyano ferrate (11) 

.. 
Decontaminated contaminated potassium iran 

- so1.ution (111) hexacyano ferrat (Il ) 
(extract) (radioactive waste) 

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

oonversion at 300-3800 C [3J. The proteins and lipids are converted 
inta olls, fatty aclds, coal, water, and a mixture of gases oon­
taining ammonia and oarbon dioxide. Carbohydrates are oonverted 
into ooal 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 contaminated solution (extract) is subsequently applied di­
rectly to a column (1 x 10 cm) filled with 1. 9 potassium iron 
(III) hexacyano ferrate (11), which selectively adsorbs oesium. 
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 (111) 
hexacyano ferrate (11) (purchased from the Heyl company) is 
ascertained by activity determination using a neutral solution cf 
1.37cs • 

The activity of 134cs 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 low tell\Ilerature conversion, the whey powder (about 1. E 
kBq/kg 137cs ; 137cs/134cs (5:1) at the time of investigations) is 
converted to the following products shown in Table L. 

Table 1: Conversion products from 500 9 (700 ml) whey powder; 
conversion temperature, 380°C; conversion time, 3 h; 
the values are given in %. 

Conversion products 

Reaction water 
Oil 
Coal 
Gas mixture 

Volume 

19 
6 

46 

*) The value i8 determined fram the difference 

Weight 

28 
7 

46 
18 *) 

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

Decontamination of the coal increases with the conversion tempera­
ture as shown in Table 2. To compare the result of decontami­
nation, a decontamination ratio i8 defined. The decontamination 
ratio is the ratio of 137Cs activity of the contaminated aqueous 
solution (extract) and 137cs activity of the whey powder. 

Table 2: Dependence of the decontamination ratio on the conversion 
time and temperature. 

137CS 
(whey) 

(Bq) 

161 

157 

154 

160 

Activity va lues are based on 100 9 whey powder; 
extracting solvent, wateri volume, 150 rol; ratio of 
water/coal, about 3.5:1; extraction time, 20 h. 

Conversion Conversion 137cs Decontami-
temperature time (extract' nation ratio 

( °C) (h) (Bq) 

300 3 132 0.82 

350 3 140 0.89 

380 3 146 0.94 

380 5 149 0.93 

3.2. Extraction 

The decontamination ratio depends on the chosen ratio of 
water/coal. The results are shown in Table 3. 
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Table 3: Dependance cf the decontamination ratio on the amount of 
water. 

137es 
(whey) 

(Bq) 

165 

165 

165 

157 

157 

157 

Activity va lues are based on 100 g whey powder; extrac­
tion time, 20 h; conversion temperature, 350°C i conver­
sion time, 3 h. 

Water eoal 137es Decontami-
(extract) nation ratio 

(mI) (g) (Bq) 

40 46.5 131 0.79 

70 46.5 140 0.84 

100 46.5 142 0.86 

150 45 140 0.89 

200 45 141 0.90 

300 45 143 0.91 

Extraction time has also an influence on the decontamination. More 
than 80 % of the 137es 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
chlorie acid in the extracting solvent on the decontamination i5 
investigated. The results are shown in Table 4. 

Table 4: Dependence of the decontamination ratio on the Hel con­
centration of the extracting solvent. 

137es 
(whey) 

(Bq) 

164 

164 

164 

164 

164 

Activity values are based on 100 g whey powder; extrac­
tion time, 20 h; solvent/coal ratio, 1.5:1; conversion 
temperature, 3800Ci conversion time, 3 h. 

Hel concen- pH-Value 137es Decontami-
tration cf (extract) (extract) nation 
the extrac- ratio 
ting solvent (pH) (Bq) 

H20 10.3 138 0.85 

0.001 N 10.0 140 0.85 

0.01 N 9.8 140 0.85 

0.1 N 9.5 139 0.85 

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% organie acid (acetic acid, 
tatratic acid, or eitric acid), a decontamination ratio of > 0.90 
i8 resul ted. Extraction using hydrochloric acid resul ts in the 
highest decontamination ratio of 0.97 as shown in Table 5. 
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Table 5: Dependence of the decontamination ratio on different 
acids. 

137CS 
(whey) 

(Bq) 

150 

150 

150 

150 

Activity va lues are based on 100 9 whey powderi extrac­
tion time, 20 h; solvent/coal ratio, 1.5:1; 10% acid; 
conversion temperature, 380°C; conversion time, 3h. 

Acids used pH-Values 137cs Decontami-
in the extrac- extrac- extract (extract) nation 
ting solvent ting ratio 

solvent (Bq) 

acetic acid 1.6 4.5 139 0.92 

tartaric acid 1 3.5 137 0.91 

eitric acid 1.2 4.7 139 0.93 

hydrochloric < 0 < 0 146 0.97 
acid 

3.4. Removal of the radiocesium 

More than 98 % of the 137 Cs acti vi ty of the contaminated extract 
of. 2000 9 converted whey powder is retained on the column filled 
with 1 9 potassium iron (IlI) hexacyano ferrate (Il). The cesium 
capacity amounts to about 100 ~mol cesium per 9 of potassium iron 
(111) hexacyano ferrate (11). 
Because of the additional extraction of organic and anorganlc 
salts of the coal, the capacity of 1 9 potassium iron (111) 
hexacyano ferrate (Il) is diminished after eluting contaminated 
extracts of 2300 9 of the converted whey powder. 

4. piscussion 

2 kg of whey powder can be decontaminated with 1 9 potassium iron 
(111) hexacyano ferrate (11). 
The specific 137Cs activity of potassium iron (111) hexacyano 
ferrate (11) (decontamination ratio 0.94) amounts to 3 kBq/g, and 
the decontaminated coal to 0.1 B~9. - The value for the release 
of the coal amounts to 50 Bq/g 13 Cs according to 10-4-fold of the 
exemption limit of "Anlage IV Tabelle IV 1, Strahlenschutzver­
ordnung (BRD)", and 6,2 Bq/g for weak radioacti ve 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 oon­
version 1s the simple extraction of cesium from the coal and its 
adsorption on potassium iron (IIl) hexacyano ferrate (Il). Since 
the low temperature canversion converts organic compounds of the 
whey powder such as proteins into coal, oil, water and a mixture 
of gases, the coal now contains no organic compounds which might 
disturb the df;!lcontamination procedure. Because of the volatility 
of the cesium, combustion er pyrolysis at higher temperatures can­
not be censidered for destructing organic substances. A substan­
ti al advantage of the conversion method over pyrolysis is that the 
formation of cancerogene aromatics, taxie acetonitrile, tar, 
dioxins and volatile metals is avoided using the conversion pro-
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aess. Therefore, low temperature conversion, in the range up to 
maximum 380°C, is the best method to release cesium fram the 
organlc substances. 
Beyand that, little water i8 needed since the aqueous extracts can 
be recycled after the separation of the "radioactive cesium on the 
col umn (Figure 1). However, after several extractions, the in­
creasing amount cf salts in the extract leads to reduction of the 
capacity of potassium iron (IlI) hexacyano ferrate (Ir). These 
salts can be removed fram the recycling process using an 
addi tional mixed bed ion exchanger. An additional advantage is 
that the low temperature conversion"can be applied to ether agri­
cultural products or waste and sewage sludge as weIl [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 
conversion such as coa1 and oil can be used for energy production. 
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Summary 

After a 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 pro gram for 
Rehabilitation of Soils and Surfaces after an Accident (RESSAe). Different ways to remove the top layer of 
soils ace described. aod especially the use of Decontaminating Vegetal Network (D.V.N.) combined with 
spraying of organic polymers. 

Real seale tests in the 30 km zone around the Chernobyl nuelear power plant showed that it is possible to 
aehieve an excellent decontamination of agricultural fields (decontamination faetor greater Ihan 95%). 

1. Introduction 

Although every precaution has been taken in France and more generally in the Western world, during the 
design, eonstruction and operation of nuclear reaetors, the possible occurrenee of serious aceidents resulting in 
a considerable discharge of radioaetive produets 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 
sueh aecidents. 

As regards the aclual accident phase and the period immedialely following il, these plans are already 
operational. The French authorities have also studied a Post-accident Action Plan to be applied aver a langer 
period following the accident. Its purpose is to facilitate areturn 10 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 al 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, Great-Britain and Germany. The program started in 1985, that is to say before the 
Chernobyl accident occurred. 

In the framework of an agreement between Ihe 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 Chemobyl 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 areal scale same 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 eontaminated 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]. Techniques allowing to 
cover the soil and then to remove only a thin layer (1 to 3 em) were developed They include the use of 
Polyurethane foams and strippable paints, wich has been described elsewhere [4]. 
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These aetians will generale wastes. It i8 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 uoder a 
liquid form easier to concentrate. Microbial digestion is investigated to perform this work. 

In tbis paper two original methods wiH 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 
soillayer, by means of a süd harvester. The principle of the D.V.N 18 to grow grass ooto the contaminated 
area without tillage of the soil, on a cohesive support which will allow a fast and good growth of the plants 
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 peal, polysaccharides, fertilisers and water. This 
technique is used to grow grass to prevent erosion on ski tracks, highway sides ... It may facilitate the 
operalional scattering of the D. V.N especially respecting radioprotection criteria. The hydro~seeding mixture 
may be applied by helicopter at a rate ofO,3 km2/day. 

Fig 1 : PRINCIPlE OF THE OECONTAMINATING 
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In the second step, 
Ihe D.V.N. is 
removed together with 
the 1 or 2 first 
centimetres of the soil 
invaded by the root­
network, which 
contains the most part 
of the contamination 
(fig. 1). Since Ihe 
resuspension problem 
is partly solved by the 
D.V.N, and assuming 
that the migration rate 
in the soil profile is a 
slow process, the 
D.V.N can remain on 
the contaminated soil 
for a quite long period 
of time (about 1 year) 
without adverse 
consequences for the 
success of the 

rehabilitation. On the contrary, time favours the grass growth aod may be used 10 organise the harvest of the 
D. V.N. with a turf cutter. These machines already exist at a moderate cost. 

The third step will be the storage or the decontamination of the D. V.N. This technique allows 10 remove a 
saillayer 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 c1eaning, on the basis of 
manufacturers and application data has been discussed befare [6]. These soil stabilisers include polysaccharides 
which are expected 10 have electrochemical affinities with es and Sr, and polyacrylamides used together with 
polysaccharides as soil conditioners in modem agricuhure. 

The first step of our work was the selection of different soil conditioners or algal cuhures according 10 
their affinity for caesium and strontium in aqueous solutions. In a second step the selected compounds were 
lested in different application trials: mixed 10 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 hath 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 Floerger1 firm. It is a reticulated anionic 
poly-acrylamide. It may absorb 500 times its weight of water, and, at concentrations below 1 glkg it is fluid 
eoough 10 be sprayed by agricultural sprinklers such as those used for pesticides. The concentration of PR 
3005 in water is 0,7%, it is equivalent 10 13g/m2 , The cast ofPR 3005 is 20 FFlkg. 

Hs 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 slreet cleaning. If Ihe deposition is recent, good decontamination ralios 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 transport by runoff. Timt 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 10 test bolh techniques of 
Decontaminating Vegetal Network and Organic Polymers near Tchemobyl, in the 30 km zone. The scientific 
organisations involved were: 

• For EC the Institut de Protection et de SOrete Nucleaire (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 radioactivity concentration profile was detenruned in Bourakovka. 
It showed that the bulk of the radioactivity is located in the first five centimetres. It proved the feasibility of 
top soHlayer removal for decontamination. 

Another mission was done In June 1992. A turf harvester and aH the suitable equipmenl was shipped to 
Ukraine. Two locations were selected, Chistogalovka, and Bourakovka, both West from the reactor within a 
10 km distance. Chistogalovka is the most contaminated place. The soil is a podzol of sal'l.dy texture. The 
locations were chosen in agricultural fields abandoned since the date of the accident, in May 1986. During this 
period the fields have mainly been colonised by Agropyrum Repens a Graminacea which root system is 
perfectly adapted 10 the removal by a turfharvester. 

Experimental method 

Tbe surfacic radioactivity of soils was measured before and after the passage of the turf harvester. A 
surface of lOxlO cml was cut on a depth of 5 em. Tbe depth of the blade was set at 5 cm also. 

After the experiment the sampies 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 speclrometry results for the sampies brought back in BC. 

Bach of the 500 em3 sampIes taken back was divided in 5 sub-samples, each of them was being counted on 
a Ge ganuna detector, with a detenrunation of the radioaetivity of eaesium 137 and 134. 

If A is the surfacie radioactivity before eutting, and B the surfacie radioactivity after eutting, the 
decontamination efficieney is detenruned by the formula: 

Decontamination effideney = A I (A + B) 

In this method of calculation, the radioaetivity included in the soil below the first 10 em from the initial 
ground surfaee is neglected. But we ean see from the soil radioactivity profile, and from the results in table 2 
that this an acceptable approximation. 

lSNF Floerger, 41 rue Jean-Huss, 42028 SI-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 aU the radionuclides detectable by gamma 
spectrometry. The preliminary results are shown in table 1. Adetermination of 90St is being done but we da 
not have the results at this time. 

Table 1 : Surfacic radioaclivi/y of sampIes (IOxlOx5 cm3) before alld qfter lop layer cut/ing In 111'( 

locations; (BqI100cm 1),' counting uflcertainty < = +-10% 

137Cs 134Cs 60Co 106 125Sb 144 154Eu 241Am 
Ru+Rh Ce+Pr 

CHISTOGALOVKA 20640 1510 34 2858 341 3168 262 148 
Before cuttinl!' 
CHISTOGALOVKA 192 15,5 °A9 23 7,2 11 0,98 1,3 
After cutlinl!: 
BOURAKOVKA 3933 
Before cuuine 

290 13,7 336 55 352 30 24 

BOURAKOVKA 116 10 -
After cutling 

15 3,5 11 1,2 -

Table 2 Decolllamination efflciency 01 turf cutting (%) 

CHISTOGALOVKA 99 98 98 99 97 99 99 99 
BOURAKOVKA 97 96 95 93 96 95 

From these results we can assess that the method is very efficient. If we take for exarnple an area where the 
137Cs contamination is 40 Ci/km2 , 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/km2 (44400 Bq/rn2). That value is 
below intezvention levels in CIS [7]. 

A countenneasure such as deep ploughing [8], also investigated in the frarnework of CEC/CHECIR 
agreement, could then dilute the radioactivity in 1000 kg of soil by m2 • 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 BC 
commercialisation levels. 

More resutts 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, !here is a risk of resuspension for what is left of the radioactivity. Then the 
spraying an organic gel solution will eliminate that risk at a 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 intezvention 
had been done shortly after the accident, but the Chemobyl 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 matter contained in the wastes will accur without human intezvention, if the residues are stored 
in an adequate manner. 

The 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 suzvey 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 aod immobilise the radioactivity in order to put it to a radioactive waste disposal site. 
Tbe remaining solid matter may be isolated from the environment by geotechnical hafriers, such as those used 
for uranium tailings. 

Possible developments 

Although this year's experiment is not fuHy completed we think the we have an efficient method for the 
decontamination of agricultural soils around Chemobyl. However our present equipment is to smaH to 
undertake large seale rehabilitation. Plans were made to build a large turf cutting machine, fully automated, 
driven by a tractor aod 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 weIl as a 
feasibility study. 

4. Conclusion 

After a nuclear accident the possibility of rehabilitating heavily contaminated fields does exist. In 
Chemobyl, 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 Chemobyl. From safety studies, only areas below 
distances of a few kilometres downwind from the reactor would need heavy rehabilitation 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 cOßsequences of a nuclear accident. 
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EXPERT CONSULTANCY IN AN EMERGENCY, BY 
IDENTIFYING THE REQUIREMENTS OF THE PUBLIC 

AUTHORITIES 

Jacques NEY 
lnsmut de Protectlon et de SOrete Nuclealre, Departement de Protectlon de l'Envlronnement 
et des Installations, Centre Technlque de Crlse - IPSN/CEA B.P. 6 - F92265 FONTENAY AUX 
ROSES CEDEX 

Summary 

Thls document sets out the moln objectlves of expert consuijancy, Indlcates the maln 
character~tlcs of approprlate methads and descrlbes the assoclated flow of Information. It 
attempts to Idenmy the maln sclent~lc and technlcal areas of competence of the experts, 
whlle also emphaslslng that expert consuijancy In an accldent situation 15 a true profession, 
and Implles special training. 

1 lofrodllc1joo 

In the nuclear domain, the exlstence of Centres of Expertise worklng wijh public authorltles ~ 
the result of a need expressed by the public authoritles and a demand on the part of the 
general public. It has been thought necessary to have access to the oplnlon and advlce of 
experts who are Independent of the operator, and even of the publlc authorltles, In order to 
appralse an accldent sijuallon and the actlons carrled out by the operator, forecast ijs IIkely 
development, and preparefor the declslons whlch must be made by the publlc authorijles 
relatlng to protectlon of the population and the environment. 

It should be noted that the specmcatlon of tasks approprlate to a Centre of Expertise does 
not dlmlnlsh In any way the regulatory responslbilities of the operator. 

2 Tbe requlremeot of pub!!c QlJlhorlfjes fm expert qdy!ce 

The speclflcatlon of requlrements on behalf of the publlc authorltles should be clear and 
complete, In order to determlne the range of skills whlch will be requlred to provlde the most 
approprlate opinlons and advlce. 

In the gccldent phgse (from the occurrence of an abnormal situation glvlng rlse to a rlsk of 
extemal releases of radioactlvity to return of the Installation to astate referred to as "safe", 
that Is where there Is no further rlsk of slgn~lcant release). 

the authorlty responslble for monitorIng the safety of the Installations must be capable of 
verifiing that actlons undertaken by the operator are In fact almed at mlnlmislng any 
exlstlng or potential release of radloactlve materials. 
the authority responslble for the protectlon of people and property must provlde 
protectlon for the population, and must therefore Install counter-measure to provlde 
Immediate protectlon and to reduce the rlsks to whlch those services who have to take 
action on the ground are exposed. 

Manltoring of the operator, whlch may last from several hours to as much as several days, 
must be accompllshed In real time. 
The settlng-up of counter-measures whlch requlre between 6 and 12 hours to InstalI, 
dependlng on the sije and the season. should be started as quickly as possible, slnce the rlsk 
of slgnificant releases Is gre6test wlthln aperiod of 24 hours In most cases. 



500 Environmental Impact 0/ Nuclear Installations 

The quality of the advlce glven Is Important. slnce some of the resulting actlons will be 
Irreversible and diftlcult to aner. 

In the post-qccldent phqse (which lasts for as long as normall~e has not been re-establlshed 
In the viclnity of the affected Installation). the publlc authorltles must arrlve at declslons 
concernlng: 

the counter-measures put In place durlng the accldent phase (addnlonal actlons. 
malntenance or not of containment. etc). 
consumptlon. marketing of agricultural and food products. water. etc. 
the actions to be undertaken In order to reduce the rlsk of transferring contamlnatlon 
liable to Increase the hannful consequences for health or the environment. 

Moreover. they must: 
monttor the progress of the actlons undertaken by the operator. and adapt or mod~ 
them ~ necessary. 
provlde the general publlc wnh the Information necessary lor the we~ore 01 some and 
as reassurance lor others. 
reduce the health consequences lor those worklng In the aftected areas. 

The resolution 01 all these problems becomes even more difflcutt as the situation Is worsened 
or exaggerated by the media. and as national or International polnies compllcate the 
declsion-maklng process. 
It Is therelore vttal that technlcal advlce should come Irom agreed experts who are as 
Independent as posslble. 

3. Tbe maiD olms of expert cOOSUftQDCY 

The requirements 01 the publlc authorltles stem lrom the varlous objectives. and these must 
be establlshed by the experts belore they are In a position to lonnulate oplnions and 
advice. 

The qccldeot phqse 

In thls phase. the objectlves are: 
rapid assessment 01 the severny 01 the situation. 
a diagnosis 01 the state 01 the Installation. together wnh an examlnation of the actlons 
undertaken by the operator. 
a forecast of how the situation Is IIkely develop. and an estlmate of the assoclated 
release. 
calculatlon of the radlologlcal consequences associated wlth thls release. taklng 
account 01 the weather lorecasts. 
proposals for counter-measures to glve immediate protectlon. and lor the preparatlon 
01 resources aimed at optlmlsing rehabilitation activny. 

The Qost-occ!dent phQse 

In the course of thls phase. the alms must veer toward: 
a rapid Innlal assessment based on the real-time monltorlng 01 the consequences of the 
release. assoclated wlth surveillance 01 sensttlve points. 
proposal of remedlal counter-measures tallored to deal wnh the results belng obtalned 
durlng thls Initial eftort. 
satlslactlon 01 local demand lor a more detalled overall appralsal of the contamlnated 
area. up to the limits 01 the zone which has been aftected by deposlts leadlng to a 
concentratlon In products 01 radloactlvny In excess of the IImtts regulatlng product 
marketing. 
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proposal of counter-measures to minimise the hea~h and economlc consequences 
resultlng from contamlnatlon of the environment. w~h the alm of asslstlng the work of 
rehabll~atlng affected land, 

4 Expert coosu!taocy - apmoprlate methods 

Exerclses and training have Indlcated thot special methods and tools must be developed In 
order to attaln the obJectlves of the expert consu~ancy system, and In order to meet the 
time constralnts Imposed by the very short settlng-up penod, 
These methods and tools should take the form of asslstance w~h diagnosis of the state of an 
Installation, help w~h forecasting the progression of thls state, and support In declslon­
maklng regordlng the forecasts of radlologlcal consequences and assessment of the 
approprlate post-accldent counter-measures, 

Spec~lcatlon of the most su~able methods and tools for the crlsls situation will enable the 
areas of knowledge needlng to be covered by the expert service to be assessed, and will 
also allow preclse speciflcatlon of the Interfaces (responslbllnles, Information, communlcatlon 
resources, etc,) to the varlous partlclpants such as the publlc authontles, the media, and so 
on, and will thereby enable the nature of the Information whlch will be passlng through 
these Interfaces to be dlscovered, 

The advantages of thls approach are partlcularly notable for any Interfaces of a technleal 
nature (operator, weather service, envlronmental services, ete,), The speclflelty of the 
Information expeeted by the experts requlres special preparatlon of these services, based 
on su~able erlsls management and methodology, 

5 Expert coosultaocy qnd areqs Qf kOQWledge 

It Is posslble to Identlty slx areas of knowledge whlch must be eovered by expert eonsu~ancy 
In respeet of a serlous accldent In a nuelear power reaetor: 
- operation of the Installation, 
- transfer of radloaetlve pOIlutants In physlcal media, 
- transfer of radloaetlve pollutants In IIvlng media, 
- hea~h eonsequenees of radlologleal orlgln, 
- radlologlcal measurement methods ond equlpment, 
- teehnleal methods for soll deeontamlnatlon, 

The range of thls knowledge Is extremely wlde, w~h dlselpllnes ranglng from medlclne to 
meteorology, where all experts must have a good knowledge of the nuclear business and of 
the adaptation of thelr partlcular dlsclpllnes to thls fleld, 
In order to obtaln expert advlee on the safety of Installations, the pUblic authorltles have set 
up organisations w~h responslbility for applylng the regulations, These organisations Include 
experts whlch form the maln souree of expert advlee In an aecldent situation, However, In 
addition to the speclalisatlon whlch thelr quallflcatlons Imply, special crlsls training Is also 
needed and eontlnuous training Is essential, 

It should be noted that training on spedle methods and tools, partleularly when they 
coneern the use of computers, appears to be dlffleu~ to achleve In a conslstent fashion 
across all of the experts Involved In nuclear aeeldent consu~ancy, When computer 
equlpment Is essential e~her for aeeessing Information or for ealculatlon work or for uslng the 
results, the setting up of a permanent team wlth good knowledge of the evaluation 
methods and the support tools can prove to be Indispensable In order to ass1st the experts In 
thelr work and to ensure eontlnulty of results from sampllng work, 
Of course these teams will be able to performs effeetlve work only ~ staffing levels are 
assured rlaht from the moment when the expert eentre Is set up, 
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6 Expert cooslJltqocypod Information 

Whether In the accldent or post-accldent phase, the obJectlve-related time constralnts and 
the necesslty to employ special methods Imply that the experts must acqulre technlcal 
Information In real time, that thls can be Interrogated locally (operator, state services), and 
that they are aware of the declslons mode by the publlc authorlties and the manner In 
whlch they have been Implemented. 

Thls also assumes that In each af the places fram whlch Information Is abtalned, the experts 
at national level will have deslgnated contacts who are quallfied, and who are freed from 
oll operatlonal tasks (declsion or action), and thot the managers of the expert groups shauld 
be In possession of suitable resources far transmission of thelr advlce and recammendatlons 
to the declslon-makers (telephone, facsimlle, message service, computer cartography, etc). 

During the accident phase, the Information requlred by the experts will come from 0 IIm~ed 
number at$aurces (operator weother service, prefecture). Most of the technlcallnformatlon 
will be avallable on computer (the power station computer or the weather service 
computer) and can be transmitted by computer link. other Information will have to be sent 
byfax. 

Durlng the past-accldent phase, hawever, slnce ane of the ma In characterlstlcs of 
Information flow is the very large number af partlclpants at national level. the 
communlcation resources must be able to cope with this. Use of computer communlcations 
and computer processlng seems to be 0 good way to solve thls problem, 
The centrallsation af measurements Is Imperative. Validation at national level Is essential In 
order to be able to determlne the feasibllity of prohibitive counter-measures and on the 
necesslty to Introduce dlspensatlans In the marketing area, on the need to get food supplles 
from abroad, etc. 

7. Expert COOSlJltOOCY and communlcatloo 

Adaptation af the communlcatlon network to su~ the crlsls organisation Is v~al of course. 
In thls organisation, one can Idenmy: 
- the Declslon Cent res, 
- the Action Centres, 
- the Expertise Centres, 

If one assumes that each declslon centre has action centres and expertise centres, then one 
can make rules for organlslng Information transfer. 

The expertise centre should be able to assemble all Information comlng from ~s declslon 
centre and the assoclated action centres. 
The expertise centres must be able to talk dlrectly to each other, for the exchange of 
information and oplnlons. 
The expert centres will send out offlclal advice only through the assocloted declslon 
centre. 

Thls Information transfer scheme can only be effectlve ~ the equlpment at each unlt 
(expertise centres and declslon centres) Is os homogeneous, rellable and advanced as 
posslble. 
Only a network of special dedlcated IInes, dlmensloned In order to ensure the correct 
exchange of Information (speech, fox, etc), and reserved excluslvell for use by the expertise 
organisation, will ensure an adequate degree of rellabll~y, 
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8 Expert coosuttaocy ood training 

It has already been emphaslsed that the experts must recelve special training, ta camplete 
thelr area 01 knowledge, In order ensure that there Is homogeneijy In each of the expert 
domalns concerned, and In order that a high level of expertise should exlst In the 
management of serlous accldent s~uatlons and In approprlate methods 01 analysis. 

It Is obvlous however that only perlodlc training will be posslble In the places whlch will be 
uses In a time 01 cnsls, wijh the tools made avallable, uslng exerclses addlng Intemal and 
externaiinterfaces to allow them 10 prepare themselves In an effectlve manner. 
Nevertheless, ~ one targets these exerclses on certaln parts of the system, thls can result In 
effective testlng and good awareness training - alarm testlng, team-assembly testlng, 
equlpment testlng, training In the use 01 equlpment and methods, and so on. 
National exerclse, w~h the benem 01 the experlence galned from these tests, will just be 
more representatlve. 
Experience shows that preporatlon of such exerclses Is very expensive In terms of people and 
time. The partial exerclses are the more so for thelr necessary repetltlveness. Safety exerclses 
Involving operators and experts and slmulatlng the accldent phase take about !wo man­
months of preparatlon and as much agaln lor evaluation. National exerclses whlch brlng 
Into play all of the state services, though w~hout a great deal 01 deployment on the ground, 
requlre about one man-year of preparatlon, and the same lor evaluation. Since the settlng­
up tlmes for these are 2 months and 1 year respectlvely, the time requlred lor analysis ~ 
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 01 these 
areas by means of partial exerclses, and that experts should have analysed oll new 
Interfaces In order to have learnt the approprlate lessons. 

9 Cooc!us!oo 

In order to deal wlth a crlsls situation, ~ ~ not enough to Install 0 su~able organisation. It ~ 
also necessary to have avallable groups 01 experts, professionals In the cnsls situation, who 
are recognlsed os such by the operators and the state authorltles and who are capable of 
supplying advlce whlch Is comprehenslble to the pUblic authontles. 

Their expert advlce will be dependent on spec~lc evaluation methods whlch have been 
prepared and tested In cooperatlon wnh the operator and the relevant state services. In 
most cases, they will acqulre the assoclated Inlormatlon In real time. 

Expert consunancy cannot be provlded effectlvely unless the necessary human and 
hardware resources at the different declslon centres are selected, tested and Installed 
belorehand. 

Only exerclses, w~h approprlate support scenarios to suij the set objectives, will enable the 
degree of preparedness lor a crlsls to be correctly assessed. 
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ORGANISATION IN CASE OF CRISIS IN A RESEARCH CENTER 

SUMMARY 

MC TAMAS T PINElRA 

Centre d'Etudes Nucleaires de Fontenay-Aux-Roses 
BP 6 - 92265 Fontenay-aux-Roses Cedex - France 

In oase of oriels, the own means of establishment are put in activity 
according to Internal Energency Plan (in french PUl). 

The present paper talks about the PUl of a Nuclear Center having only 
nuclear "laboratories". 

It particulary develops 

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

- environment first oontrols : organization, means, etc ••. 
belog incumbent on establishment. 

INTRODUCTION 

France has defined, for her nuclear industry, a very 
strict preventive organisation iSO 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 "PUl" wich means "Plan 
d'Urgence Interne"). 

"PUl" 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 
"PUl" exposes what to do in case of crisis but the main po ins 
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 stood on a 13,8 ha surface, in Fontenay­
aux-Roses urban area. It is some one hundred meters away for 3 
other towns : Clamart, chatillon-sous-Bagneux and Le Plessis­
Robinson, and also about 1 km away from Bagneux, chatenay­
Malabry and Sceaux.'(s.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 "INB". 
Because ot the reduced area, some of buildings, even the "INB" 
anes, are qui te near of "CENFAR'" 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 
sourees. 

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

The fourth and last one is being cleansing be fore 
dismantling. 

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

CRISIS SITUATION 

Hypothetic accidents 

studies of accidents, eventhough they are hypothetic and 
,very unlikely, have shown that the less negligible probability 

would be gaz or aerosol dispertion outside of the buildings, 
due to a fire on a large part of the "INB" • 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. 

Ta note than "criticity", 
considered, would carried a 
environnement, because of the 
concerned. 

even though it 
minor emission 

small quantity of 

has been 
in the 
product 

Particularities and important points 

Analyzing 
contradictory 
considered. 

They are 

an hypothetical 
points at first 

crisis 
sight, 

situation shows some 
but needing to be 

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

a dispersion out of a building can extend over the 
environnement very quickly given the size of the CENFAR, 
but the quantity would be also very small. 
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the neighbourought would immediatly be warned, even 
there is only appearence of abnormal situation. 

therefore media would be also warned. 

mediatic consequences could be very important. 

lNTERHAL EKERGENCY PROGRAMME -PUl 

Conception and aplication of the "PUl" 

Refering to the rules wich shall be applicated, "PUl" is 

a descriptive document (organisation in anormal 
situation, in aase of orisis 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 "CENFAR" and given what was explained 
be fore (urban situation and size of the center), an abnormal 
situation would impose very fast activation of "pur", and 
would just as fast involve the environment, which even would 
imply post accidental actions. 

In any this oase, 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 is und er 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 quickly, the 
interference itself causes damage to the building's 
"barriers", just 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, "PUl" set itself going progressevely (while than 
ward "declenchernent" 8eams 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, not only the reflex slips are divided in 
units and types of interventions, situations, contröls ... but 
they also applie to any abnormal situation. If anything (tell­
tal sign, 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 
~ay, th~ Center's Director decides whether to create the Local 
Directicin Command Post "PCDL" which means activation of the 
"PUl". 

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

"ECT" 's role is to help the installation' s leader on 
technical points (ventilation, distribution network •• ) 

"EMU takes care cf logistics. 

"Eell , which i8 then the new name of "5RSE" I has a prime 
role : it must collect and interpret all the radiological and 
meteorological measures. 

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

The datas collected are transmitted fram "PCL" to "Ee" 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 mayaIso need outside assistance. This 
decision has to be taker by FLS' schief, following the "PI SE" 
(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 
instal~ations where the Center's Director assurnes the 
responsability of actions, and of their consequences, but 
else, the mobile group for radiological intervention "CMIR" is 
consti tued by apart of the BSPP 'members and i t can be 
activated in environment, on the Prefeet' s decision, in oase 
cf 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 
"PCA". 
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Ways to act on the CEN-FAR'area and for the environment 

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

Light vehicules 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' "CENFAR" are inaccessible (Saclay is 
only 15 Km distant from FAR). 

"SRSE"'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 sampies 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 consequences as close as 
possible of the reality. It has been silown, after having 
studied all the possible cases of accident, that it would 
never be 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 

"CENFAR'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 elaborat ion 
can be adapted to each case, and not areal transcription. 
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ORGANISATION EN CAS DE CRISE 
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eie ... 

PCOL : Poste de Commandement de Olrecllon Local 
PCL : Poste de Commandement Local 

EC : Equipe Contröle 

EM : Equipe Mouvement 
ETC : Equipe Technlque de Crlse 
PCA : Poste de Commandement Avance 
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MONITORING RADiONUCLIDE EMISSIONS DURING 
CONTAINMENT VENTING 

R. Hock, G. Röbig 
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 Großkraft­
werksbetreiber (VGB), an association of large power plant 
operators, Siemens has developed a system for monitoring and 
documenting the emission of radionuclides 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 (SSK) 
and has sinee received positive evaluation. The paper describes 
the requirements to be met by the monitoring system, its design 
and operation, as weIl 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 these systems is to 
limit pressure buildup in the containment in the event of a be­
yond~design accident by venting 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 into the following nuclide 
groups: 

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

The da ta on emission levels determined in the event of contain­
ment venting are rnainly intended to serve as a basis for irnple­
menting ernergency response actions and as accurate accident 
documentation. 

2. Monitoring System Reguirernents 

The gas flow to be monitored is a mixture of air, water vapor 
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 sampies are taken fram 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 subsequßnt 
to initiation cf containment venting during a care melt acci­
dent. Table 2 shows the design requirements in this regard de­
termined on the basis of the RSK recommendations of May 30, 1990 
(Appendix 1 of Report of the 253rd Meeting of the RSK) for two 
types of plants, one equipped with a pressurized water reactor 
(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 1E9 Bq. This 
level allows measurements to be performed in the nuclear plant's 
on-site laboratory using standard techniques. 

The monitoring system should be controlled tram the main plant 
control room, and should be designed for sufficient measuring 
accuracy: deviation of measured va lues fram actual values should 
not exceed a factor of 3. 

Table 1: Conventional Design Requirements 

Application pressure temperature relative hu-
in bar in oe midity in % 

BWR containment venting 1 - 2 approx. 130 < 100 

PWR containment venting 1 - 2 approx. 130 < 100 

PWR plant exhaust air 1 50 - 80 100 

Table 2: Design Requirements with Respect to Concentration of 
Radioactivity (Bq/cbm) 

Application aerosol- non-aerosol- radioactive 
bound bound iodine noble gases 
radio- isotopes 
nuclides 

BWR containment venting 1Ell 3Ell 8E14 

PWR containment venting 4E7 7E9 1E13 

PWR plant exhaust air 6E6 1E9 2E12 
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3. Design and Operation of Monitoring System 

The discharge of radioactive materials during containment vent­
lng i8 rnonitored using a gamma dose rate monitor, an aeroBol 
monitor and an iodine monitor, as weIl as an aeroBol and lodine 
sampler (see Fig. 1). 

In BWR plants, the gamma dose rate monitor is installed on the 
venting system dis charge line; this monitor measures the total 
activity release rate, which i8 mainly determined by the noble 
gas release rate. Sinee it i8 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 hours), the gamma dose rate monitor at a PWR plant i8 
located downstream of the aeroBol and iodine sampier owing to 
the low-energy gamma radiation of the radioactive 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 iodine 
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 
(sampier). The radioactive substances accurnulated 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 
sampie in a specialized laboratory. 

The monitors and the sarnpler, located in an appropriate corn­
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 loeation is the radiation exposure of 
operating personnel when a loaded filter has to be transferred 
to the plant laboratory for nuclide composition analysis. 

4. Irnportant Features of Monitoring Concept 

a. The sampling line system and the connected monitors and sarn­
pIer are therrnally traeed to prevent condensation and thus 
reduce deposits. The sampling head is also heated in venting 
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 aeroBol particles and elemental iodine (e.g. in 
the case of elemental iodine through the provision of Teflon 
surfaces). 

c. AeroBol and iodine monitor throughput i8 low and residence 
time is selectable, thus allowing sampies to be obtained 
which can be safely handled and evaluated in the laboratory. 
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d. Noble gases are purged prior to sampie transport and analy­
sis, thereby facilitating handling and significantly in­
creasing measuring accuracy. 

e. Sampies (i.e. the filter material fram the aerosol and iodine 
monitors) are transferred manually to 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 
techniques to be employed under accident conditions are 
practiced during normal plant operation in order to reduce 
the stress factor for personnel. 

f. Monitoring system operation is controlled fram the contral 
roorn via a programmable contral system haused in a contral 
equipment cabinet located at the sampier and monitors. 

5. Supplementary Information on Aerosol and Iodine Monitors 

In the aerosol monitor, the aerosol-bound radionuclides are re­
tained on a fiberglass HEPA filter and monitored by an NaI(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 obtain analog output 
signals for "aerosol filter loading" and "aerosa:1 concentration" 
which are displayed and recorded in the main c'ontrol 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 l 

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 dateI 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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Flgure 1: System for Monitoring Releases of Radioactive 
Substances to the Environment During Accidents 
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RADIATION MEASUREMENT VEHICLES AND RADIOTRANSMISSION OF 
DATA OF THE EMERGENCY SERVICE GROUP KHG 

H.Hauske, F.Stettner, Kemtechnische Hilfsdienst Gesellschaft rnbH, 
D-7514 Eggenstein-Leopoldshafen 2 

SununaQ' 

KHG maintains staff find equipment in order to aasist the operators of nuclear facilities in 
ease of 8n ineident 01' 8n accident. In the frame of this tasks KHG runs three radiation 
measurement vehicles which are equipped with all neceSS8ty devices for sampling, 
measurements and communication to cany out the envirOllmental emel'gency measurements 
neat" a nudeal' facility. 

~ . 

The rneasured: radiological data are transrnitted by radio in fOlm 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 commOnica­
tion mistakes and decreases voice communication. 

To improve "the data transfer the reception anten118 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 Seetion 38 of the Gennan Radiologieal Protection Ordinance KHG rnainlains 
staff and equip­
ment in order to 
assist the opera­
tors, of nuclear 
faeilities in ease 
of an ineident 01' 

an aceident. The 
main objects of 
KHG are ra­
diation Pl'O­

teet~on, decon­
trumnation and 
teleoperation. 
An important 
task in the frame 
of these objects 
is to carry out 
the environ-
mental emer-
geney measure­
ments near the 
plant which are 

FIG.1: 
Accldent training 
measurements and 
telecopy form 

(Nuclear power plan1s) 

Gamma dose 
Gamma dose rale 
Aerosol activity (Iotal beta) 
1-131 AcIMty In air 
Soll surface actMty (Iotal beta) 

fixed in German regulations (Fig.l). 

For this job KHG runs three radiation rneasurement vehicles which are equipped with all 
necessaty 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 vehiele. 

2. Radiation Measurement Vehiele 

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 foul' wheel drive. It is equipped with 
foul' seats and ils lotal weighl 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 equipmenl contains 

2 aerosol sampiers (flow rale 55 m'/h), 
2 Iodine sampiers (flow rale 6 m3/h), 
sampling clevices for soil, plants and water. 

For radiation measurements the vehicle is equipped with 

a low dose detector FHZ 600 A 
(measuring range O.OII'Sv/h - 1 mSv/h), 

various dose rate measuring clevices, 
* 6150 AD2 (0.5 I,Sv/h - 10 mSv/h), 
* 6159 ADT (5 I'Sv/h - 10 mSv/h), 
* Babyline 31 (0.2 I'Sv/h - 1 Sv/h), 
* Szintomat (0.1 I'Sv/h - 0.1 Sv/h), 

a shielded aerosol filter detector FH 650 E (15 mm Pb-shielding) 
with evaluation device FHT 7000, 

2 contamination monitors FHT l11F, 

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

All measuring devices are battery powered. The sampiers are operaled by a power generator 
(1. 9 kVA, 220 V AC) because of the high powerconsumplion of these devices. 

3. Communication and Radiotransmission cf Datn 

For communication with the radio lead vehicle and others the radiation measurement vehi­
eies are equipped with radio and portable telephone. For transmission of data the radio 
devices are connected with a laptop including a special radio modem. 

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

FIG. 2: Radiotransmission of data 

RMV 

> = Transmission by radio or mobile tsIephone 

RMV 1:1 AacI&tIon measurament vehlcie ALV 1:1 Radio lead vehlcle 

program checks the 
transmission for 
failures and re­
peats automati­
eally the trans­
mission as re­
quired. 

The sent dota 
are collected in 
the laptop of the 
radio lead vehi­
cle. A telecopy 
fOlm equal to 
the input form 
(Fig.l) is 
printed of each 
radio protocol. 
This hard copy 
ia used for 
documentation 
and is telecopied 

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

The advantages of radiotransmission of data are that transmission failures cannot OCCUl', 

conununication mistakes are avoided and voice communication is decreased. 

The maUl problems of the existing radio system are the transmission range (only .bout 10 
km in flat land) and the oecurance of radio shadows by e.g. hills and buildulgs. To itnprove 
the data transfer the reception antenn. will be increased and an additional d.ta transfer sys­
tem USUlg mobile telephones will be established. 
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WIDE CONTAMINATED AREA CHARACTERISATION 

Andre BERTEL, Commissariat a ['Energie Atomique, Direction des Appli­
cations Militaires, Centre d'Etude de Ripault, BP [6, 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, IJmiting them to a local level. 

Wh ich organization to choose ? 

This revolves around three entities 

- the CEA advisor to the head of country , 
- the advisory group who receives all experts 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 
command 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 weil as the sampling at sensitive points are 
ensured by the mobile teams in vehicles equiped with' detection means. The 
sampies 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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AERIAL 
}(MAPPING SYSTEM 

The Department of Military Ap­
plications of the Atomic Energy Corn­
mission has developed an aerial sys­
tem of 1S' cartography designed to 
search for end localise pin-point sour­
ces 01 radioactivity end surface conte­
rn/nation. 

This equipment which cen b€ 
used far routine check/ng or in the caSE 
01 accidents, is capabfe of drawing Ci 

map of radioactivity over a surface are;; 
!rom several dozen to several hundred!: 
of hectares (Kms. '). 

The equipment is composed of G 

farge va/urne Nal detector. treatmen. 
unit a radiolDcalisation system, c 
radar altimeter and a magnetic recor' 
der. al/ of wh/eh are controlled by c 
calculator. It is mounted on an AJouew 
11/, a light hel/copter. 

c ...... IIIIIIIIIIIIIII DAM ... , It identifies corresponding radioelements by spectro 
metdc differenciation. An incorporated image processin~ 
system provides colour maps representing the aeliv/ly 01 

the flown over areas. Detection levels are at least as low al 
those which can be obtained on the ground with portabll 
equipment. COMMisSARiAT 

A 
L' ENERGiE ATOMiaUE 
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GAMMA-RAY 
SPECTROMETRY FIELD SYSTEM 

r=Jti.t~ - -

GAMMA-RAY SPECTROMETRY FIELD SYSTEM earried by 4WD vehiele lor routine or aeeident checks 
Ides accurate identification of natural and artificial radionuclides and swift measurement of the levels of 
lactivity over an area of several lens 10 several hundreds of square melres. It is composed of a liquid 
Jen eooled Germanium (HP) deteetor and a multiehannel analyser. Deteetor height from the ground ean 
jJusted by a teleseopie mast whieh folds down onto the vehiele roof for transport. 
mdispensible back up to AIRBORNE GAMMA CARTOGRAPHY. 

"=c,'"····:..~"7~"'''· --- .~ "' ," 

! , 

. l, H' 

_FUNCTIONS 

• Accurately deleels and identifies radioelements 
(g speetrometry) 

• Deteels and quantifies surface activity 
(expressed in Bq/m') 

_ PERFORMANCES 

• Multi-channel analyser : 1024108192 channels 
• Deteetor battery life : 100 hours 
• Height of deteetor from ground : 2.50 m - 8.00 m 
• Analys'ls results " 1 haur 
• Levels 01 sensitivity :(T =1800 s H=2.50m a 3.50m) 

E "" 100 KeV: 0,2 KBq. m-2 

E "" 500 KeV: 0,1 KBq. m-2 

E "'1000 KeV ~ 0,1 KBq. m-2 

I.Lu,,,., _. ~~=:J 
'1 ',X". '.' ~. .. "" I 

~:::!( . 
_, '.'):.. H" .. ~.'. 
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SIMULATION OF A NUCLEAR ACCIDENT, GATHERING AND 
TREATMENT OF ENVIRONMENTAL DATA DURING THE 

CADARACHE DRILL OF OCTOBER 1991 

G. BOUSQUET-CLAYEUX*, s.*~~SCOURS**, P~. KISSEL*, ~. L'HOMME* 
D. MANE~~~ , J. MATUTANO ,Ph. PICAT , D. ROBEAU, 
M. WILD * 

* 

** 

*** 

Institut de Protection et de Sürete Nucleaire, 
Departement de Protection des Installations et de 
l'Environnement - Fontenay-aux-Roses (France) 
Centre d'Etudes de Grenoble / Direction - Grenoble 
(France) 
Direction - Paris 

**** Direction 
Centrale de la Securite - CEA 
Regionale de l'Agriculture et 
(France) 

de la Föret -
Marseille 

SUMMARY 

In October 1991, the CEA Group organized a drill to check its 
capacity to characterize large contaminated zones. Before this 
drill, sampies have been marked with radionuclides, during the 
drill large rneans 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 sampies 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 ali the cr1S1S centres. SYTAR is 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, Economy, 
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 sampies 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 carry out all these duties, the CEA group works with 
administration and with territorial governrnent means of 
intervention. This exercise took place during four days on the 
Cadarache site ; it involved about 150 persons. In addition to 
observers fram 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 video team and professional journalists under 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 scenario was given to the aetors be fore 
operation i to 'make it possible to begin the exercise 
included an accident scenario and a population scenario. 

Accident scenario : 

the 
it 

This part introduced succinctly the installation, the 
conditions of the accident, an estimate of the weather 
conditions, and simulated releases (on the order of 1.10-4 of 
the inventory of a 900 MWe PWR core for the most volatile 
products : I, Cs, Te). East winds blowing caused cont~mination 
towards the lower valley of the Durance. 

Population scenario : 
Cauntermeasures 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 railroads, 
- suspension of loeal markets, 
- 010sing of sehools, 
- recornrnendations not to eat fresh local products (green 

vegetables, fruits, milk, etc ... ). 
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 sampies marked with 1131 and 

Cs137 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, marketing 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 sampies of their products. In addition, the 
Cadarache Center management published a press release 
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announcing the exercise, and 
field could distribute an 
contact with the population. 

the persons who were going in the 
information flyer to facilitate 

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 cornrnand 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 
into account new information, 
f ield manoeuvres of mobile teams and those transported by 
helicopter ; taking into account the imaginary level of 
contamination, the area explored covered about 150 krn2 , 
transfers of sampies 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 into different 
operational stations. 

3.1. - Prefet cornrnand station 
The cornrnand station of a Prefecture was simulated at the house 
of the Cadarache hosts. The Sous-Prefet of Aix, assisted by 
representatives of the departmental or regional offices of 
civil protection, agriculture, and social matters of Bouches­
du-Rhöne and Vaucluse, played the role of Prefet, 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 CEA advisor to the Prefet was 
in charge of relations between the Prefet and the operational 
teams. As such, on one hand he had to present a synthesis of 
the results obtained in the field regularly to the Prefet and, 
on the other, to direct operations through the head of the 
advanced CP and inform hirn of the Prefet's requests. 

3.2. - CEA advanced command 
The head of this station, 
was responsible for : 

station 
located near the contaminated area 
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organizing the missions of the teams in the field, 
controlling the entries and exits of teams into and out of 
the contaminated area (radiation protection of the 
interveners, decontamination of persons and vehicles), 
posting and routing the sampIes taken to the analytical 
laboratories, 
simulating the results of contamination for unmarked 
sampIes, 
transmitting the simulated results of direct measurements 
in the environment (dose rates, gamma spectrum) to the 
advisory unit to the Prefet and to the CEA Center (CCC) and 
Emergency Technical 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 light intervention teams, equipped with vehicles, 
detection material, and UHF transmission devices, 
two heavier intervention teams, equipped 
atmospheric control vehicle (DASA and VISA 90), 

with an 

a light team, the so-ca lIed Mobile Radiological 
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 GEMIN1, 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 1PSN in charge of controlling the sampIes and 
transmitting them to the analysis laboratories, 
a scenario team responsible for associating a 
contamination value with each measurement 
environment and each sampIe taken, 

simulated 
in the 

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 
sampIes (about 20 per laboratory) marked with 1131 and Cs137 
beforehand. 
They also received sampIes taken in the environment accompanied 
by an envelope indicating the simulated levels of activity. 
After the sampIes 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 1PSN 
Taking into account the information available to i t (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 Prefet 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 i however, 
it should be noted that the ca se treated was simplified in 
relation to areal case, which would involve numerous 
adrninistrations, socio-economic agencies, the medias, the 
population, and the political class. _ 
The roles of advisor to the Prefet, 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 
functions. 
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 rneasurement 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 decontaminationi 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 i 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). 
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CONNECTION BETWEEN TUE IMMERSION-DOSE RATE IN TUE 
ENVIRONMENT AND THE MEASUREMENTS OF TUE DOSE RATE IN 
TUE CONTAINMENT AND THE STACK AFTER AN ACCIDENT 

Summary 

Franz Cartier, Andreas Leupin 
Swiss Federal Nuclear Safety Inspectorate 

CH-5232 Villigen-USK, Switzerland 

In the environment of a NPP, the dose-rate DH resolting 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 DH may be obtained from the 
respective dose-rates Ds and Dc measured by the wide-range-ionisation chambers in the stack 
(S) and the contaimnent (C) using the formulas 

and (eq. 1, 2) 

In these fonnulas X corresponds to the dispersion factor, Vs to the volume current and GFs,E 
to a predefmed geometrical factor for the stack, V c to the leak rate and GFc,E to the 
geometrical factor for the contaimnent and plpc to the ratio of the environment al and the 
containment pressure. 
It is interesting that in a fmt approximation the geometrical factors are largely independent 
on the spectral energy distribution of the gamma radiation and therefore also on the nuclide 
mixtnre. For Ibis reason it is not necessary to have further infonnations on the activity of the 
discharged nuclide classes (noble gases, iodine, aerosoles) which cannot be gained easily 
anyway. 
Additionally the assumptions and restrictions of the method are discussed. 

1. Introduction 

Tbe assessment of the radiological sitnation in the plant and in the environment dnring an 
accident would be based on the measurement of high-dose-ionisation chambers installed in 
the stack and the contaimnent (e.g. the so called "RABE"-monitors in the Swiss NPPs). In the 
fmt honrs 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 
(gronnd or stack release). Tbe calculation which presently would be applied is a two step 
method: first the release rate is estimated from the dose-rate measnrements by assuming a 
nuclide mixtnre, then the immersion-dose rate is calculated basing on the same nuclide 
mixtnre and on the standard dispersion methods. Indeed, the assumption of a nuclide mixtnre 
is necessary for the determination of the release rate but - in good fmt approximation - not 
for the conversion of the dose rate in the stack or the contaimnent to the immersion-dose rate 
in the environment. 

To illustrate the last point we propose to compare the results of two identical dose-measnring 
devices in the environment and in the stack or the contaimnent respectively. Doing Ibis, we 
see that the signals of the two devices would differ ouly because of the different geometries 
and concentrations (e.g. due to the dispersion) at the points of measurement. Tberefore, the 
dose-rate measnred by the device in the environment may be written as a function of the 
dose-rate measnred in the stack or the contaimnent nsing eq. 1 or 2 respectively. Whereas 
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neither the pressures p and Pe nor the dispersion factor X 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 calcnlations that the energy dependence of the geometrical 
conversion factors can be neglected obtaining good Imt approximations of the dose rate in 
the vicinity of the NPP. The fundamental considerations for these model calcnlations and 
some resnlts are shown in the following sections. 

2. Basic considerations fot the estimation of the energy dependence of the geometrical 
conversion factors 
The dose-rate D measured by an ideal ionisation chamber, Le. a ionisation chamber whose 
dose indication is independent of the energy, can be calcnlated principally for every geometry 
by the following simple fonnula: 

{eq.3} 

Therein, CG describes the concentration of the activity within the air [Bq/m3) of a geometry 
G. DFG 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 weil as 
the energy dependence due to other effects. Hence, for a monoenergetic source the dose-rate­
conversion factor DFG(E) can be written as: 

. fei"'{l+e'J.l.r.e"~'} 
DFo(E) = y' r2 ·dV. {eq.4} 

G 

The "Gamma" constant y deImes the gamma-dose rate of a point source per unit activity in a 
distance of 1 m from the source. J.l 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 formnla) describes the energy deposition buildup factor; the constants e und D used 

therein are determined empirically. The parameters y, J.l, e 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 contairunent or the semi-space of the 
enviromnent. 

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

DFo = LP.-DFo(E;j), 

i,j 

{ eq.5} 

where i denotes the nuclide, j tbe emission !ines of the nuclides. p; describes the contribution 

of the nuclide i to the total activity of the mixture. 

The monoenergetic conversion factor GFGI ,02 (E) now can be definded as 

DFdE) 
GFGI,dE) = DFo1(E) . {eq.6} 



Environmental Impact 01 Nuclear Installations 533 

For our case of the NPP, GI is the geometty of the stack or the containment, G2 that of the 
environment. 

Finally, the total (mixture dependent) geometrical factor GFGI .02 for the conversion of the 
dose rate from the geometry GI to G2 is defmed as the ratio of the!wo dose-rate-conversion 
factors: 

L,p;.DFGI(EU)·GFOI.Oz{EU) 
DFo2 ';,c·i ________ _ 

GF lot -----
01,02 - DF

Gl 
-

L,p;.DFGI(E;j) 

iJ 

(eq.7) 

Hence, the total geometrical conversion factor can be written as a weighted average of the 
monoenergetic geometricaI 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 sm aller (higher) than the highest (lowest) monoenergetic configuration 
factor. 
The range of the monoenergetic geometrical conversion factors for spherical and cylindrlcal 
geometries to the semi-infInite volume of the enviromnent are presented in the following 
table. The cylindrical geometty is an approxiruation for the stack: the height (75m) and the 
radius (3m) as weil as the position of the measuring ionisation charuber 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 approxiruated by a sphere with a radius of 8m with the ionisation­
charuber in the center of the sphere. The other spherical geometries have been chosen to show 
the effect of the volume. 

Table: Energy-deoendent geometrical conversion factors and proposed "best"value 
Energy [ke V] GFs,E: GFc,E: 

Cylindrical 
geometty 
(Stack) to 
halfspace; Spherical geometty (Containment) to half space 
height=75m, 
radius=3 m, radius=3m, radius=8m, radius=2Om, radius=5Om, 
dose at bot- dose at center dose at center dose at center dose at center 
tom ofstack of the sohere of the sohere of the sohere of the sohere 

50 34.2 28.3 9.7 3.4 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 55.4 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 3.4 
4000 86.1 67.5 25.3 10.2 4.2 

Proposed 
"best" value 60 45 17 6.5 2.5 
Variations 
(50-4000 ±50% +50/-40 % +50/-40 % +60/-50 % +70/-50% 
keV) 
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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 containment 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 

j 

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 GFc,B taking into ,account the 
shielding and scattering effect of the installations and (concrete) walls within areal 
containment of a NPP is usually more costly than our simple calculations above and has tu be 
performed using numerical integration methods. The geometry of astack on the other hand is 
usually approximated quite weil by a cylindrical shape similar to that above so that the 
calculation of the related geometrical factor GFs,E can be performed in a much simpler way 
than for the containment. However, these calculations have to be' done once as a 
precautionary action in order to alIow 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 Imt 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 emitted nuclide mixture - to a maximum error which is less 
than 50%. The errors introduced by other parameters, e.g. the dispersion coefficient 
X for the actual weather conditions, are usually much more important than this. 

• The geometrical conversion factors can be determined onee for the actual stack and 
containment of a NPP as a precautional measure. In case of an accident, this alIows 
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 detennine a nuclide-mixture-dependent geometrical 
conversion factor for mor accurate calculations perfonning a weigbted average of 
the energy-dependent factors. However, this is paid with the abandonment of the main 
advantage of the method, Le. the possibility of vety fast estimations of the 
environment al immersion-dose rate. 
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INTERNAL CONTAMINATION MONITOR FOR QUICK SERIES 
EXAMINATIONS 

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

The internal contamination monitor H ~1010 is designed for the 
monitoring of persons with possible 1 Cs contamination in the 
muscular tissue, in the digestive tract and in the lung. 

In general the considerations provide for measurement 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). 

Measuring 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. 

As the dominating leading isotope 137CS is known, a nuclide 
specific measurernent, requiring 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 ambien~7radiation is 0,1 MSv/h. 
The efficiency of the detector for es is about 6 % if the 
point-source is shielded by a 5 cm 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 Bq and a detection limit of about 240 
Bq results from a measuring time of t o = t b = 60 sand the 
quantiles k,-a = k,-ß = 1,65 (corresponds to an.error of 5 %). 

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

+----------------------------------------------------------------------------
I ==== Measuring Mode ================ Herfurth H13010 === 
I 
I 
I 

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

I Personal - ID : x xxx:xxxxxxx ( 1st character: 
I 
I 
I 
I 
I 
I 
I 
I 
I 

F= female over 18 years 
- height: zzz cm (zzz cm) M= male over 18 years 

T= teenager 12 - 18 years 
- weight: zzz kg (zzz kg) C= child 3 - 12 years 

, B= Baby 0 - 3 years 
- Comment: 

Inputs correct? 
Then position person and start measurement with key Fl. 

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 
rneasurement. 

Personal-ID IHeight IWeight I Activity I Dose I Date 
cm kg kBq +/ckBq mSv +/-mSv 

I Time 

The components of the internal contamination monitor only 
cansist of an electronics 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 
moni tor 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. 

Ace. 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 18 known. 

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

with: t o Background measuring time in s 

k,-a = 1,65 for error probability a (5%) 

k,-ß 1,65 for error probability ß (5%) 

Qn* = expected net count rate 

Qn* expected background count rate 

The expected background count rate Qo multiplied by the 
background measuring time t o results in the pulse sum to be 
attained from the background parameter. This me ans 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 tois 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 b , if it is used instead of the expected net 
count rate Q. 
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pUlseL 

t o [NWG * T)]2 - Qo 
3,3 

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

The absolute errar of the activity, which is also supplied, 
consists of the errors fram the background measurement and fram 
the calibration measurement. 

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

If after a body rneasuring the measured activity value exceeds 
this alarm threshold, the measuring result i5 marked with "alarm 
level exceeded". 

Vehicles ready for operation 

Background Shielding by the Person to be Measured 

Based on the 1ying arrangement cf the measurement, the 
background cf a measurement i5 reduced by the person to be 
measured. The person to be measured has the effect of an 
~dditional 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 fram the measured gross 
pulse rate. 
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In general it may be said that for an 
man with average body size (75 kg) 
radiation of 0,1 J.lSv/h the background 
table is reduced by about 10 %. 

average middle European 
and a natural ambient 
value of the measuring 

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-U9

• 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 supplies a sensitivity of about 4,5 % 
for 7eS at a body weight of 75 kg 

Data Filing System EVI 

Acquisition of the measuring 
measuring value memory of 
contamination monitor H 13010. 

data 
the 

is done by reading the 
appertaining interna 1 

The read measuring da ta 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-system logs the daily 
quantity of measurements"for the days on which measurements have 
been made. Additionally the time period of the measurements as 
weIl 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 

Sununary 

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 NaI(Tl)- 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.l). One or two of 
Bicron's large NaI(Tl)- detectors (7.6 cm x 12.7 cm x 40 cm) can be put into a 
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 KF A 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 KF A bottle phantom has been used for calibratlon. Bottle volumes of 0 .25, 
0.5 and 1 I a1low to simulate the body shapes of children of 4 kg, 8 kg, 12 kg and 
14 kg weigbt. 

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

A solution of Cs-13 7 in water has been used for calibration. In the lowest position 
ofthe adjustable half-tube sensitivities of 1.8 cps/l00Bq (4 kg), 1.2cps/l00Bq 
(8 kg), 0.98cps/l00Bq (12 kg) and 0.93 cps/l00Bq (14 kg) for Cs-137 have been 
determined. 

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

4. Operation 

Three counters are used 1992 by a German Chernobyl burden measuring 
progranune in Russia, Byelorussia and Ukraine. One ofthem operates 
independently, whereas two of the counters operate in connection with 
FASTCAN- systems (Canberra) sharing the data acquisition systems. 
By appropriately adjusting the heigbt of the half-tube where the children are 
positioned, the same efficiency curve can be applied for both systems. 
Correction factors account for the weigbt dependence of the efficiency 
curve. 

A Cs-137/Co-60 source is used for a daily calibration check. Also environmental 
background is checked daily. Thougb it mainly arises from surface 
contaminations the use ofwater 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 ofthe 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 Wemli 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 !his 
Ifoject, led by the Swiss Disaster Relief Unit, a mobiie laboratory with whole body counter and 
,al gamma spectrometer for food and environmental sampies was built under guidance of the 
ladiation Metrology Section at PSI. The results 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 
lOS been confirmed that the highest activity concentrations in environmental sampies, including 
oodstuffs, occur in products from the wood. The project is continued in 1992. 

ntroduction 

n reply to a call for help of the Ukrainian Govemment a project of humanitarian aid was set up by 
ne 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 
levelopment 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 inforrn direct1y the concemed population about radiation levels. 
to educate and reduce fear of the population. 
to aquire experience in case of further accidents. 

'0 achieve this task the Radiation Metrology Section at PSI was asked for technical advice and 
upport. Based on their proposa! it was decided to build a mobile radioactivity laboratory with a 
Ihole body counter, a food counter, and severa! dose rate and contamination measuring devices. 

'echnica! Information of the Mobile Laboratory 

Figure I: Schematic view of the mobile laboratory with the whole 

body counter (3) and thefood counter (4) 

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 land 2). 
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Figur 2: View ofthe Mercedes van 

Technical details cf the whole body counter: 

Manufacturer: Herfurth 
Detector material: Plastic scintillator 
Detector dirn.: 80 x 50 x 10 cm 
Shielding: Tub of lead, 5 cm wall thickness 
Background: 400 cps at 0.1 ~Sv/h 
Measuring time: 60 sec 
Geometry: Lying on the back 
Efficiency: 6 % whole body Cs-137 
Detection limit: I kBq Cs-137 

Summary of the Project 

Technical details of the food counter: 

Detector material: NaI 
Detector dirn.: 
Shielding: 
Electronic: 
Measuring time: 
Geometry: 
Resolution: 
Detection limit: 

3 11 X 3" 
Lead castle, 5 cm wall thickness 
PCAP-Board (HV, amp!., ADC) 
5 min (15 min) 
I L-flask (I L-marinelli) 
8 % at 662 keV 
50 Bq/L (20 Bq/L) Cs-137 

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 planne( 
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 kBq/m2. In 1991 es 
134 was only about 10 % of Cs-137. The external dose rates vary between 0.1 and 10 ~Sv/h. In thi 
district of 1300 km2 area located immediately west of the 30 km zone 27'000 inhabitants Iived 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 0 

2 Swiss and 4 Ukrainian specialists, inciuding a medical doctor, went out to the villages to measur 
whole body activities and foodstuffs. 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 speciaiists 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 boti 
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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rhe local inhomogeneties of average whole body activities are shown in figure 3. 

16'000 Bq 

5'000 Bq 

o 500 Bq 

Mittelwerte GKZ 1991 

"igure 3: Average whole body activity (Cs-137) per village. The 
areas of the eireles are proportional to the rnean of the 

lleasured activities. The square on the right is at the loeation of 
the nuclear power plant. 

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 
prognim, 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 figure 6. The 
highest value was 380 kBq. 

'or dosimetrie 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 I1Sv/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 
s 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. 

Aga Distribution 01 Maasurad Population 
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Figure 4: Age distribution of the rneasured 
population 

Weight Distribution 01 Measured Population 
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Figure 5: Weight distribution ofthe rneasured 
population 
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plstributlon of Measured Who!e Body 
Actjyjty 
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Figur 6: Distribution of the whole body 
activities of the measured population 

Os-137 in Sampies from Polesskoje 
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Figure 8: Mean and maximum valuesfor 
activity concentrations in groups of foodstuffs 

compared to the Ukrainian limits 

Conclusion 

Annua! Pose Distribution 01 Measured Population 
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Figure 7: Annual dose distribution of the 
measured population with mean and maximum 

dose values for different age groups 

For a small number of persons measured fo 
Cs-137 urine sampIes were taken and a Sr-9' 
and an alpha analysis were made at PSI. A 
expected from measurements on the groun 
contamination Sr-90 was found to be on 
much lower level than Cs-137 and no a1ph 
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 thi 

\ 

mainly products of the wood (berri" 
mushrooms, wild animals) contain the highe, 
Cs-137 contaminations. 

The measuremel1ts 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 eccur if the advice of the Ukrainian authorities t 

ban specified foodstuffs is not rollowed. 

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 secic 
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 Frankfurt/Main 90 

Summary 

The author will 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 simultaneously for the artificial nuclides 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-Iaptop and a MCA-card with 1024 
channels. Detector and preamplifier are mounted inside a collimator, providing a 

viewing angle vertically down 
+/- 45 0. 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(TI)-crystal, 
measuring time is a few se­
conds per data point. A grid 
with a spacing of 1 m x 1 m is 
picked up within a very short 
time. By activating different 
software tools on the PC, the 
in-situ-spectra can be evalu­
ated directiy 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 5 0 C in the 
open air with the "GeoSCAN" . 
The equipment did not show 
any complication (even in 
hostile environment) 
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D exact radionuclide mapping around uranium mills, on tailings etc. 

D scanning on sites, previously contaminated by industrial use 01 radionuclides 

D clearing outdoor ground after decommissioning (NPPs, accelerators etc.) 

D last assessment 01 accidental releases into the soil (transportation accidents) 

D in-situ tracing lor radionuclide effluents, deposed in beach and river sediments 

D airborne or carborne proliling in emergency situations 

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

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

Without any doubt, the equipment lor 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 tao poor (Iess 
than 1 %) lor 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 into the ground, cannot be discovered. 

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

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

200 

150 

100 

50 

Figure 4: In-depth profile from a collimated deteetor: 

X = depth below ground surfaee (em) 
Y = relative .eontribution to the signal (%) 

Four different detector eleva-
tions above ground surface: 

H(eff) = 5cm 
H(eff) = 10 em 
H(eff) = 15 cm 

o~--__ ~~~~~~ 
H(eff) = 30 cm 

o 20 40 60 80 
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3. Typical applications : 

Figure 2: The monument of Mm. Curie, buHt on the ruins of the "historical" uranium­
color factory at Jachymov/CSFR. Ground contaminatin: 5000 Bq/kg Ra-226 

Figure 3: 3-D-plot of the Ra-226-concentration 
(same sight as on photograph above) 
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Figure 4: Area in front of a building, thas has been used for waste-water 
conditioning from a radioisotope production plant. 
Ground contamination: 10000 Bq/kg Cs-137 

Figure 5: 3-D-plotofthe Cs-137-concentration 
(same sight as on photograph above) 
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___ 0--

Figure 6: By using the contour map, the two contaminated spots can be removed 
very precisely. Thus, a minimum of caesium-contaminated soil has to be dumped . 

,Figure 7: In-situ spectrum (Iog-scale) at the maximum ofthe contamination 
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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 quantities 
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 
personal "emotional ll seale is established necessary for an 
intuitive and adequate treating of every day laboratory situa­
tions with ionizing radiation. 
The necessary experience is usualy not easily acheaved by the 
usual way used by books an lectures. We use a portable 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 quick and easy change of parameters like: 
the kind of radiation, its energy, external or internal expo­
sure, different shieldings, exposure time and geometry, the de­
termination of radiation doses, the evaluation of a dose/risk 
relation, comparison with other risks, and ether possible fac­
tors. Various sources of radiation can be selected or "created lf • 

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, hut an 
extension to more realistic aases is under way. 
One further advantage of the simulation is also that the use of 
real radioactive sources can be avoided. Nevertheless in some 
instances experiments should support the instructions. Appli­
cation of the pro gram to design radioprotectionaly 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 
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Fig. 1: A menu selection in the CAI - Program "RP-TUTORR". 
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Gammastrahlung :' 

Präparateauswahl 

haben Sie die Möglichkeit entweder aus einer 
präparate eines auszuwählen oder ein beliebiges 

Angabe von bis zu fünf Anregungszustände selber 
entsprechende Gammastrahlenkonstante wird dann 

11.,ebenen Daten errechnet! 

Drücken Sie 'a' für die Präparateauswahl 
oder 'm' für manuelle Eingabe J 

Nukliddaten: automatischl================~ 

Die Daten des ausgewählten Nuklids sind gespeichertl 
Für das ausgewählte Nuklid ist die Berechnung der 
Energie- und Ionendosis möglich. 
Desweiteren ist die Abschirmung der entsprechenden 
Strahlung durch eine Reihe vorgegebener Materialien 
ebenfalls im MenU anwählbarl 

Nuklid: E1(MeV) E2(MeV) E3(MeV) E4(MeV) r * 
-----------------------------------------------------

60 Co 1.173 1.328 8.99 

w=========~================Energie/Ionendosis,======================~ 

Ausgewähltes Nuklid: 60Co 

In dieser Option haben sie die Möglichkeit die von Körper­
gewebe aufgenommene Energie- bzw. Ionendosis in Abhängigkeit 
V0m...Follqn.:>w~hlt-l"'n Nnklirl. rlpr mnmp.ntanen Aktivität dAr OUAlle . 

. Aktivität: A 100:.c· .e.) GBq Abstand: r = 1:~~~~M m 

Verweildauer: T O~ d 88 h OJ m oJ s 

Energiedosis: De = 0.21123 Gy(Sv) 

Ionendosis: Di = 7.19200 mC/kg 

Gefährdung: merklich 

Jahresdosis in: 1.89 h 
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AGRICULTURE, ENVIRONMENT AND NUCLEAR ACTIVITIES: 
HOW TO REACT IN CASE OF AN ACCIDENT 

G. Griperay* and R. Coulon** 

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

** Institut de Protection et de Sürete Nucleaire, 
Fontenay-aux-ROSES, France 

Summary 

Presentation of a reference handbook analyzing the consequences 
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 
und erstand and judge the basis of the options chosen by· the 
political authorities. 

In this context, a document entitled ItAgriculture, Environment 
and Nuclear Activities : how to react in case of an accident 
(Agriculture, environnement et nucleaire : comment reagir en 
cas d'accident) was jointly prepared by a professional 
organization, the "Federation Nationale des Syndicats 
d I Exploitants agricoles" (FNSEA) and a scientific Institute, 
the "Institut de Protection et de Sürete Nucleaire" (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 
acti vi ties 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 sometime~ 
contradictory, information to which they did not und erstand 
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 weIl 
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 document were 
FNSEA adherents. Farmers are familiar with-,-the environment, its 
strength and its weakness : in addition, they are realistic and 
weIl 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 hodies, 
public or professional organiiations, foodstuff industry ... ) or 
with environmental problems, or the medias (especial1y 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 radiological 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 
pr es erve 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. 

Ta 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 agricultural 
products and the consequences of the transformations and uses 
of theses products. 

It also appeared necessary to present a more general 
information on radioactivity and radiation effects, nuclear 
accidents (accidental risks associated with the use of nuclear 
energy, the main radionuclides involved), 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, fruits, 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 aan read only he is interested in, 
to use a standardized presentation whenever possible, 
for instance : 

how contamination oceurs ? 
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. Conclusion 

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

'To be objective, to avoid any catastrophic approach but 
also any lenitive trend, to try to be clear and weIl 
understood: such was authors' cancern. 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 Jülich GmbH, ASS, Postfach 1913, D-517 Jülich 

Summary 

The body content of radionuclides of more than 160.000 persons 
in the RSFSR has been examined during summer 1991. An area cf 
approximately 10.000 km' extending from close-to-Moscow Tula up 
to Zlynka at the Byelorussian border and such including regions 
of low and high contamination levels 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 involved. Observed activity levels were 
generally much less and in no ease higher than the annual limit 
cf 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 cf 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 
Russian 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 generally much 
less and in no case higher than the annual limit of intake for 
professional radiation workers. 

2.Eguipment 

Whole-body counters and incorporation monitors had to be 
chosen, which allowed mobile operation and had a reasonable 
limit of detection (LOD) for Cs-activities (appr. 1 kBq) 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 canberra 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 Whole Body Counter 

The two large NaJ(TI)- 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 cf the person monitored in a standing 
position. We have been able to measure reliably the body 
burdens as weIl of children of 12 kg weight as of adults using 
the same efficiency curve by slightly adjusting the position of 
children relative to the detectors by means cf 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 Bq Cs-137 for toddlers was 
obtained. Only in very high background 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 cf 500 Bq 8eems to be 
realistic in practical operation. 

2.3 Nuclear Enterprises QBM-1 

The QBM-1 uses two plastic scintillation detectors in achair 
configuration. Originally designed for monitoring lung 
activities a shape- dependent correction faeter 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 kBq is higher than expected from 
counting statistics partly due to background fluctuations. 

2.4 Quality control 

Quality control included regular background checks as weIl as 
calibration checks with radioactive sourCes. Calibration of the 
incorporation monitors relatively to the FASTSCAN systems has 
also been checked by measuring 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 programme in the local 
population. In same 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 :Results on whole body monitoring of Russiari. People 1991 

distriet county dass 1 
J 

dass 2 dass 3 total 

Brjansk Gordejewka 4879 1752 270 6901 
Brjansk Klincy 43024 3029 924 46977 
Brjansk Krasnaja Gara 5727 1151 193 7071 
Brjansk Novosybkov 5422 461 45 5928 
Brjansk Zlynka 6677 1476 162 8315 
Brjansk Starodub 5124 20 0 5144 
Kaluga Chwastowitschi 9554 377 21 9952 
Kaluga Ludinowo 25189 42 9 25240 
Kaluga Shistra 9939 43 0 9982 
Kaluga Uljanovo 8136 259 4 8399 
Orei , Bolc4ov 1446 1 0 1447 
Tula Arsenjewo 4953 0 0 4953 
Tuta 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 
Ore) 1446 1 0 1447 
Tula 27674 3 0 27677 

RSFSR 152791 8614 1628 163033 

distriet county dass 1 dass 2 class 3 

Brjansk Gordejewka 70,7% 25,4% 3,9% 
Brjansk Klincy 91,6% 6,4% 2,0% 
Brjansk Krasnaja Oora 81,0% 16,3 % 2,7% 
Brjansk Novosybkov 91,5 % 7,8% 0,8% 
Brjansk Zlynka 80,3 % 17,8 % 1,9% 
Brjansk 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 U1janovo 96,9% 3,1 % 0,0% 
OreI BoIchov 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% 2,0% 
Kaluga 98,6% 1,3 % 0,1 % 
Orel 99,9% 0,1 % 0,0% 
Tula 100,0 % 0,0% 0,0% 

total 93,7% 5,3% ( 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 kBq (4 kBq) , 
class 2 of more than 7 kBq (4 kBq) but less than 25 kBq 
(15 kBq) , class 3 of more than 25 kBq (15 kBq) , numbers in 
brackets being valid for children. The class assignment was 
indicated on the certificate, toD. 

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 aases have been 
found elose 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. 
Further assuming , that only a third of the annual dose 
commitment is fram internal burden, it is concluded that not in 
a single aase the annual dose commitment exceeded the limit of 
50 msv professional radiation workers are still perrnitted to 
receive. Future monitoring and surveillance by physicians and 
health physicists similar to the regular medical examinations 
professional radiation workers und ergo 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 

number of average annual 

settlement adults examined internal dose 
[mSv/aj 

Unetscha 203 1,7 
Beresowka 99 1,3 
Saretschje 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 0,26 
Pestschanka 99 0,20 
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using a dose factor of 0.040 mSv /kBq*a interna 1 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 value of the 
LOD in the calculation of the mean. The survey being continued 
in 1992 same 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 
people.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 (Depute 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 re port 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 NucIear Installations, was 
introduced by Serge PRETRE (Congress President and Head of the Radiation Pro­
tection Division of the Nuclear Safety Inspectorat'e/Switzerland) and Andre LE 
CORRE (Departement Securite Radioprotection Environnement of Electricite 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 flSV. Radioactivity discharges from nuclear 
fuel reprocessing plants are still high er than those from commercial nuclear power 
stations, but have also diminished, due to substantial technical improvements and 
new regulations. Except for so me regions - especially in eastern Europe, where 
the Chernobyl accident 01' 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 radioactivity 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, Le. 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 l'Institut de Protection et de Surete Nucleaire/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 so me km from where the accident took 
pi ace, 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. International 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 lAEA member states, to improve a rapid information 
exchange in case of a severe nuc1ear accident. But this is just the beginning and the 
contacts have to be further intensified to inc1ude local authorities, the health 
physics teams of nationallaboratories 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 commissioiis have been estab­
lished between France and Germany, France and Switzerland, and Germany and 
Switzerland. The aim is to harmonise the radiological criteria for nuc1ear accidents 
and the ca1culation 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 epidemiological 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 (journalist/France) as speakers. 

lt 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 apower 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 "seil" 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 
0-3300 Braunschweig 

AlnorOy 

PO Box 506 
SF-20101 Turku 

ARIES 

44 bis, Bd Felix Faure 
F-92320 Chatillon 

Baechliinstruments 

Chrämerhoger 5 
CH- 8910 Affoltern am Albis 

Canberra Packard GmbH 

Hahnstrasse 70 
0-6000 Frankfurt am Main 71 

FAG Kugelfischer Georg Schäfer KGaA 

Postfach 1660 
0-8520 Erlangen 

Genltron Instruments GmbH 

Heerstrasse 149 
0-6000 Frankfurt am Main 90 

GoteleAG 

Schönenhof 
CH-8500 Frauenfeld 

Tel. ++495307206221 
Fax. ++49 5307 206 272 

Tel. ++35821 308700 
Fax. ++358 21 30 93 02 

Tel. ++33 1 465741 71 
Fax. ++33 1 46 56 69 39 

Tel. ++41 1761 71 28 
Fax. ++41 1761 0506 

Tel. ++4969663010 
Fax. ++49 69 663 5921 

Tel. ++499131 909364 
Fax. ++499131 909205 

Tel. ++49 69 768 11 44 
Fax. ++49 69 765 327 

Tel. ++41 54 720 30 30 
Fax. ++41 54 720 30 50 
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Herfurth GmbH 

Beerenweg 6-8 
0-2000 Hamburg 50 

Hörmann Entwicklungs GmbH 

Hauptstrasse 45 - 47 
0-8011 Kirchseeon b. München 

Tel. ++4940896940 
Fax. ++49 40 89 69 42 56 

Tel. ++498091 52-0 
Fax. ++449 8091 1275 

laboratorium Prof. Dr. Berthold GmbH & Co 

Calmbacher- Strasse 22 
0-7547 Bad Wildbad 1 

Mini-Instruments Ud. 

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

Münchner Apparatebau 
für elektronIsche Geräte GmbH 

Mehlbeerenstrasse 2 
0-8028 Taufkirchen 1 

NovelecSA 

Chemin des Clos 
BP 147 
F-38244 Meylan CEOEX 

NUCLETRON 

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

SI NA Industrie GmbH 

Bayernstrasse 53 
0-7530 Pforzheim 

Tel. ++497081 177-204 
Fax. ++49 7081 177-166 

Tel. ++44621 783282 
Fax. ++44 621 78 31 32 

Tel. ++498961 2003 15 /16/17 
Fax. ++49 89 61 2003 35 

Tel. ++33 76 90 70 45 
Fax. ++33 76 41 04 36 

Tel. ++41 21 25 24 23 
Fax. ++41 21 25 23 53 

Tel. ++497231 380801 
Fax. ++49 7231 38 08 57 
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SCPRI 

BP35 
F-Le Vesinel 

Target systemelectronlc gmbh 

Kölner SIr. 99 
D-5650 Solingen 1 

UEHLINGER-PFIFFNER AG 

Picardieslrasse 3 
CH-5040 Schöftland 

Veenstra Instruments BV 

Madame Curiewei 1 
NL-8500 AC Joure 

Tel. ++33 1 39 76 04 32 
Fax. ++33 1 39 76 08 96 

Tel. ++4921220 1041 
Fax. ++49212201045 

Tel. ++41 6481 2281 
Fax. ++4164813388 

Tel. ++31 5138 16964 
Fax. ++31 5138 16919 
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SPECTROMETRIE GAMMA PORTABLE 
PORTABLE GAMMA SPECTROSCOPY 

-TISA 
- TISA 
- ISA 
-ISA 

earte PC pour sonde NaI 
PC board Jor NaI clystal 
earte pe pour detecteur Ge 
PC bom'd Jor Ge deteetar 

SYSTEME DE MESURE EMBARQUE 
MOBILE MEASUREMENT SYSTEM 

Deux acquisitions simultanees: 
Two simultaneous acquisitiolls : 
- Debit de dose Gamma ambiant 
- Ambiallf Gamma dose rafe 
- Spectrometrie gamma automatiquc 
- Automatie Gamma spectroscopy 

BALISE AUTOMATIQUE DE PRELEVEMENTS 
AUTOMATIC SELF-CONTAINED SAMPLlNG DEVICE 

- Mesure ct enregistrement permanent du debit de dose 
- Permanent measuremenl and recordil1g C!f Gamma dose rate 
- Prelevements d'air ct d'eau de pluie 
- Air and precipitatiolls sampling 
- Dcclenchement sur consigne horaire DU seuil de debit de dose 
- Sampling start accordillg /0 time 01' dose rate level presettil1g 

DOSIMETRIE TLD 
TLD DOSIMETRY 

- Dosim"tres et leeteurs HARSHAW/QS 
- HARSHAWIQS dosimeters and readers 
- Leeteur passeur d'eehantillons DOSIMATIC 
- Reader with "DOSlMA l1C" sampIe changer 
- Maehines de eonditionnement de eartes et de badges 
- Computer controlled machinesfor handling qf cardfj and holders 

,"- (\ ... 
i " 
. X \ 

o'· ... "··_·· .. ·''''''~ 
o 

'iJ,. 

44 bis, Boulevard F.Faure 92320 CHATILLON (France) 
Tel. (33) 1 46 57 4171 Telecopie. (33) 1 46566939 
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BÄCHUINSTRUMENTS 
Chrämerhoger 5 
CH·8910 AHohern om Albis 
Telefon 01 761 71 28 
Telefax 01 761 0506 

Oxford's Gigantic 

HPGe Detector 
Smashes Previous 
Record of 122%* 

A year aga we made a dedsion. 

We have always been producers of superior 
quality detectors, but always without the 
machinery to pull really big crystals. 

So we decided to upgrade aur crystal fadlity. 

A task we just recently completed, 

Then, on its maiden run, aur new crystallab 
pul'led the world's biggest crystal and hence, the 
world's biggest detector - an incredible 157% 
with aresolution of 1.96 keV. 

Not bad, we thought. 
Then, we fired her up again 

Call 1·800·7·0XFORD 
Ask for The Record Breaker 



2 Coole Typen 

Cryolectric 
~ Helium KÜhlaggregat mit flexibler SChlauchverbindung 

zum Detektorkopf mit max. 30 m Länge 
- Mehrere Detektoren können von einem Kompressor 

versorgt werden 
- Der Detektorkopf arbeitet auch bei widrigsten 

Umgebungsbedingungen 
- Robuste IndustrieausfOhrung 
- Geringste Wartungsintervalle 

Freolectric 
- Zuverlässige und kostengünstige DetektorkOhlung für 

den Laborbereich 
- Einfache Adaption an vorhandene Bleiabschirmungen 
- Leises und erprobtes Industriedesign 

EINE ALTERNATIVE ZUR STICKSTOFF-KÜHLUNG. 

Rechnergesteuerte NIM-Module 
-===--

I.H ",,,,. 

; I.".' I" ,0"'"'' '9",",,,", 

I
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ICB·NIM - die neueste Entwicklung von Canberra 
Computer kontrollierte NIM Module für die ferngesteu­
erte Datenerfassung. Zur Qualitätssicherung werden 
alle Einstellparameter mit den Meßdaten gespeichert. 
- CI-9615 Spektroskopie Versti:irker 

- CI-9633 Analog Digital Wandler 

- CI-9645 Detektor Hochspannung 

····• •• C4NBERRA 

- AlM Ethernet Vielkanalanalysator-Modul 

Canberra-Packard GmbH 
Hahnstraße 70 
6000 Frankfurt I Main 71 

Telefon. (069) 6 63 01-0 
Telex. 416037 
Telefax. (069) 6 66 59 21 



;trahlung sicher bewerten 

lhlen-Meßtechnik 

Der FAG Erzeugnisbereich Strahlen-Meßtechnik entwickelt und produziert Meßgeräte zum Nachweis 
künstlicher ionisierender Strahlung. Durch den Einsatz dieser Geräte und die dadurch ausgelöste 
frühzeitige Warnung lassen sich u.a. Sicherheitsstandards verbessern und Gesundhcits- und 
Umweltrisiken mindern. 
Programm: Tragbare digitale Dosis-, Dosisleistungs- und Kontaminationsnachweisgeräte. 
Überwachungs- und Komro!leinrichtungeo, LahOl'meßgeräte, automatisch arbeitende 
Luftübcrwachungsanlagen (z.B. in den Stationen des Deutschen Wetterdienstes, des BMU, des LFU 
Bayern usw.), eigenständige Elektronik- und Software-Entwicklungen sowie Staubmeßgeräte für 
Immissionen, Emissionen und Abgaspartikel. 

® ® Wassermonitor FHT 1900 
für quasi-kontinuierliche 
Probenentnahme, Gegenüber 
bisher üblichen Alpha- und 
Beta-Überwachungssystemen ist 
mit dieser Meßanordnung eine 
Verbesserung der Nachweis­
empfindlichkeit für Alpha- und 
Beta-Strahler um den Faktor 100 
bis lOOO, je nach Meßzeit und 
Nuklid, zu verzeichnen, 

FAG Kugelfischer Georg Schäfer KGaA 
Erzeugnisbereich Strahlen-Meßtechnik 

CD Jodmonitor FHT 1700, 
kombiniert mit Aerosol­
Schrittfilteranlage FHT 59 S 
(Ausführung für das Meßnetz 
des Deutschen Umwelt­
bundesamtes), Registriert 
werden die aktuelle 
Aktivitätskonzentration für 
I~131 und aerosolgebundene 
Spaltprodukte sowie die 
akkumulierte 1-131-Aktivität, 

® Hand-Fuß-Kleider-Monitor 
FHT 65 P zur Personenüber­
wachung am Kontrollbereich, 
Getrennte oder simultane 
Messung von Alpha- und 
Beta-Kontaminationen, 
Mit einem handelsüblichen 
Personenidentifikations-System 
kann der Monitor direkt in den 
Personenfluß eingebunden 
werden, 

® Hochleistungs-Ionisations­
kammer FHT 191 N mit 
integrierter InteHigenz, Durch 
spezielle Schaltkreise ist ein 
weitgespannter Meßbereich von 
lO nSv/h bis 10 Sv/h zu 
verzeichnen, Die Dosisleistung 
wird auch bei gepulsten 
Strahlungsquellen korrekt 
ennittelt. 

@)MobilerMonitor FHT 1659 L 
für die Überwachung der 
luftgetlagenen aerosol­
gebundenen Radioaktivität an 
wechselnden Einsatzorten. In 
Verbindung mit einem Personal 
Computer ist eine zentrale 
On-line-Datenerfassung mit 
Darstellung des Meßwertveriaufs 
möglich. 

Postfach 1660' W-8520 Erlangen' Germaoy . Telefon (0 91 31) 90 90, Telefax (0 91 31) 909 205 

_______________________ ----.-J 
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1982 -1992: TEN YEARS OF EXCELLENCE IN G. I I g3:,Ql 
SELECTED FIELDS OF RADIATION MEASUREMENT 

Creativity 

o New ideas honoured with awards and patents 
o Participation in public R&D programmes 
o Flexible engineering service 
o Unorthodox approaches 

Top Technology 

ASIC-design 0 
Thick-film hybrids 0 

CAE-tools 0 

Innovative Product Lines 

o MINI-MONITOR, MIRA-661 
o GeoSCAN, GammaTRACER 
o IRMA, Janus Head, ELlS-Sensor 
o ATMOS-12PX, AlphaGUARD 
OE-PERM 
o RadNUK 

International Partnership 

Gammadata (Sweden) 0 
Rad Elec Inc. (USA) 0 
Positron (Ukrainia) 0 

J.S.Bland Assoe. (USA) 0 

Scientific Ambition 

o Cooperation with Universities 
o Scientific publications 
o Field studies 
o Workshops 
o Seminars 

Dynamic Growth 
result of all activities 

Genitron Instruments GmbH, Heerstraße 149, D-6 000 Frankfurt 90, 
Tel.: 0049-(0)69 768-1144, Fax: 0049-(0)69 765-327 
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ildung: 
)reenls neues 
I 190 Survey Meter,mit 
I RP-1 Pancake Probe 

;ationskammer Survey Meter 
Scintiliations Survey Meter 
Survey Meter 

lPY Neutronen Monitor 
molumineszenz Dosimetrie 
Imaguard Area Monitor 
isions Elektrometer 
Rad PC Software 

VICTDREEN 

Service und Verkauf: 
, Schweiz: 

GoteleAG 
CH-8500 Frauenfeld, Schönen hof 
Tel. 054 720 30 30 Fax 054 720 30 50 

Deutschland: 
Victoreen GmbH 
0-8012 Ottobrunn, Eibenstr. 83 
Tel. 49-89-6 09 79 34 Fax 49-89-6 09 79 36 



Nuclear Radiation and 
Environmental Measuring System, 

From a Sensor to an Integrated Networ 

Detector Probe 

Probes lor dose rate 
detecHon wIlh different 
.ensHMly 

Intelligent prob .. 
wIlh variable number 
01 deteetors 
Intona .. ""ernaüvely 
RS 485, RS 232C, FSK modem 
or radio data transmission 

Monitoring Networks 
Conceptlon and realisaHon 
of integrated monitonng 
networks 10r: 

- moniloring of nuclear 
lacllm .. 

-wide area monitoring 
systems 

Modular communication units 

HÖRMANN installations: 

WADIS, Germany 
about 2100 monitcring unitG 

Integrated Network Spain 
900 Intelligent gamma probes 

MADUK, Switzerland 
58 monitoring units 

Integrated Network Portugal 
15 monitoring units 

NPP Pilgrim Station, Plymouth, Mass. USA 
15 monttoring units 

Monitoring Stations 
Data galftering systems lor 
connection 01 gamma probes 
wHh additional Interfaces ror 
furthar sensors, s.g. meteore 
aIr and waste water analysis 

Software 
Oata communlcatlon and 
presentatlon software for 
MS-DOS and UNIX systems 

Mobile Systems 
General purpose vehi,l., 
wIlh IndMdual moasuring 
and monitoring devlces 

HÖRMANN~ 
Entwicklungs GmbH 

Hauptstraße 45-47 
D-8011 Kirchseeon 
Germany 
Tel. 08091/52-261 
Fax 08091/1275 



WJII@ is the new Universal Monitor 
for (ontamination, Doserate and Activity 
Measurements in Radiation Protection. 
(all for more information. 

~n~EGB.G BERTHOLD 

I 
~ 
j . 
j 

oratorium Prof. Dr. Berthold GmbH & Co. KG . D-7547 Bad Wildbad I . pn.Box 10 0163 . Phone (70 81) 177-0· Fax (7081) 177-100 

,\ustria Belgium France Great Britaln Haly Switzerland USA 
(1)~22JY4n5J (02)2516010 (01)47814106 (0727)41999 (0276)10267 (01)8404573 (615)482-4411 
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mab 
RADIATION MONITOR/NG SYSTEMS 
HEALTH PHYSICS MONITORS 

SAMISJM 1000, '" 

~ •.. ~ 
p\ .. . , . ' 

RWM600, 
RAD-WASTE-MONlTOR IODINE AND PARTICULATE MONITOR 

FMP645, 
GAMMA CONTAMINATION MONITOR 

MÜNCHENER APPARATEBAU FÜR ELEKTRONISCHE GERÄTE GMBH 
Mehlbeerenstraße 2 . D~8028 Taufkirchen 1 bei München 
Telefon (0 89) 61 20 03-0, Telefax (0 89) 61 20 03 35· Telex 5 23 092 mab d mab 
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REAL TIME IX and ß 

MONITORING IN AIR 

BAE 
ENVIRONMENT n-ß 
AEROSOLS 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 

OTHER INSTRUMENTS: 

BAB-A 

CST 28 

DGS 

MSA-P 

Portable alpha-beta in air monitor 

Large area roads contamination monitor 

Gamma souree finder, very high sensitivity 

Drive-through vehide monitor 

W ASTE MONITORING MACHINES 

zirst - bp 147 - 38244 meylan cedex - france 
tel. 76.90.70.45 
fax 76.41.04.36 
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WHOLE BODY 
DOSIMETER 

SOLON TECHNOLOGIES INSTRUMENTS 
Vertriebs-GmbH 

vormals Harshaw Chemie GmbH 

Eine neue Generation von Thermolumineszenz-Meßplätzen 

- vollkommen computergesteuerter und -kontrollierter Meßablauf, 
einschließlich Meßwerterfassung 

- Verwendung beliebiger AuswerteprofIte mit linearem AufheizprofIl 

- Anwendungsgebiete: Radiotherapie und -diagnostik, medizinische 
Forschung, DosIsmessungen zur QualItätssicherung, Personen­
und Umgebungs-Dosimetrie 

- moderne und nutzerfreundllche Software mit diversen Erweite­
rungsmöglichkellen durch Nutzer 

/ 
~.\X(E~p / 
AAVPRA", I 

-TE~P-

Typlcal time temperature profile. 

, .. , .. ""'~ """" 
~~~ O><Wlm",,,,,, 

------------- ---- --- ",'0--.. 
~~ 

Typical resulls sereen. 

EXT-RAD DOSIMETER 

I SI IU SOLON TECHNOLOGIES, INe. 
HARSHAW/QS CRYSTAL AND iJOS!METRY PRODUCTS 

)Ion Technologies.lnc .6801 Cochron Rood • Salon. Ohio 44139. Phone: 1-800-472-5656or 216/248-7400 • Fox: 216/349-6581 
-.,on Techno!ogies Instruments. Vlktorlostrosse 5.5632 Wermelsklrchen 1 • Germony • Phone: 49-2196-3097 • Fax: 49-2196-6518 



VAcuTEC~ 
MESSTECHNIK 

GM-Counters 

Proportional Counters 

Ionisation Chambers 

Si(Li) Semicontuctors 

INDUSTRIAL EXHIBITORS 

Vaculec GmbH 
DornblathslraRa 14 
0-6021 Dresden 
Tel.: 03 51/3475205 
Fax: 03 51 135065 

Vacutec* produziert seit über 35 Jahren Lählrohre, IonisatIonSKammern 

und HLO's für Lehre und Forschung, Industrie und Medizintechnik. 
Inbegriffen sind energiekompensierte Zählrohre für Umweltmessungen 

in überregionalen Meßnetzen und Einzelgeräten. 

Erfahrungen aus der Militärtechnik und Einsatz in einer Vielzahl von 
PTS zugelassenen Erzeugnissen zeugen von hoher Qualität und Zuverlässigkeit. 

IHr lösen mit unseren Detektoren gern Ihre Meßaufgaben. 

589 

*ehemals ein Teil von 
Robotron Meßelektronik Dresden VAcuTEC~ 

MESSTECHNIK 
Vaculec GmbH 

DornblOlhstraße 14, 0-8021 Dresden 
Tel. 051/3475205 ' Fax 051/35085 
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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 weil as Si(Li), CdTe, Nal(TL) and 
other detectors. 

• Multichannel Analyzer Syste 

• NIM Electronic 

• Detectors 

• Data Systems 

• Special Turnkey Applicationl 
• IN-SITU Gamma Spetroscopy 

• Waterproof, Ruggedized, 
Battery Powered 

• Integrated Quantitative Analysis 

• Foodmonitoring 
• Contamination Control System 

·t;!:;] ~'=cC,r;--':' ! 

: ,",!,"',',-',\\ 

For additional information call or write: 

target 
systemelectronic gmbh 

Kölner Sir. 99 
W-5650 Solingen 
Tel.:02121201041 
Fax:02121201045 

Germany 

NUCLEAR ELECTRONICS. DATA SYSTEMS, SOFlWARE 
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