Documentation on the two INCO working

programs: ’Review of the adequacy of the

present foodchain and dose calculations’ and

’Collection of the data required for each

radioecological region and their integration

into RODOS’

D R A F T

R O D O S

DECISION SUPPORT FOR NUCLEAR EMERGENCIES

R E P O R T

RODOS(WG3)-??(??)-??

draft - 0 - 9.12.1999 draft - 1 - 9.12.1999

Documentation on the two INCO working programs: ’Review of the

adequacy of the present foodchain and dose calculations’ and ’Collection

of the data required for each radioecological region and their integration

into RODOS’

RODOS(WG3)-??(??)-??

W. Raskob, ed.

FZK

Postfach 3640, 76021 Karlsruhe, Germany

Email: wolfgang.raskob@iket.fzk.de

Nándor Fülöp, Nándor Glavatszkih and dr. Andor Kerekes

Natl. Res. Inst. Radiobiol. and Radiohyg.

H-1221 Budapest, Anna u. 5, Hungary

Alla Dvorzhack

IMMS - Institute ofMathematicalMachines & Systems

NationalAcademyofsciences ofUkraine Cybernetics Center

42, Glushkova pr., 252187, Kiev, Ukraine

Ondrej Slavik

NPP RI ˘ Nuclear Power Plant

Research Institute Trnava Inc.

Okruzna 5, 91864Trnava, Slovakia

Gh. Mateescu, D. Galeriu, N. Mocanu, C. Turcanu, A. Gheorghiu

IFIN-HH, Bucharest

Romania

S.V. Fesenko, S.I. Spiridonov, B.I. Yatsalo, O.A. Mirzeabassov,

N.I. Sanzharova, V.K. Kuznetsov

Russian Institute ofAgriculturalRadiologyand Ecology,RIARAE

Obninsk, Kaluga Region, Russia

Mieczyslaw Borysiewicz, Andrzej Furtek, Slawomir Potempski,

Pawel Krajewski*

Institute ofAtomic Energy

05-400 Otwock-lwierk, Poland

*CentralLaboratoryfor RadiologicalProtection

7 Konwaliowa str. Warsaw, Poland

Petr Pecha

IITA, AcademyofSciences ofthe Czech Republic

Pod vodarenskou vezi4, CZ-18208 Praha 8, Czech Republic

Draft, 29.7.99 draft - 2 - 9.12.1999

M anagement Summary

Within the two INCO contracts on customisation ofthe foodchain and

dose module (FDMT) to Eastern European countries, the present

version ofFDMT has been made more flexible to account for the

differences in crop production und feeding habits allover Europe. It

was in generalagreed byallcontractors that the module is able to cope

with the various conditions in the individualcountries ofEastern

Europe. Onlyin case ofthe adaptation to Russian conditions it was

pointed out that the predicted behaviour ofthe radionuclides in soildid

not follow the measurements and therefore a modification ofFDMT

might be necessaryfor this feature. In addition, the ingestion ofsoil

particles bygrazing animals mayneed further investigation. Besides

these two comments, parameter adaptation seems to allow a successful

adaptation ofFDMT to anyradioecologicalregion in Eastern Europe.

For 7 countries, radioecologicalregions have been defined, onlyfor

Russia, one region was selected as an example for the customisation

process. Even ifthe number ofregions as wellas the selection criteria

differ, this report can provide a valuable help in the methodologyhow

to divide a certain countryinto the appropriate radioecologicalregions.

The data collection is stillongoing. This report serves as documentation

ofallthe necessarydata to adapt FDMT to localconditions. It willbe

always updated when new data are prepared byvarious users ofthe

individualcountries. It can also be used for other contractors to select

appropriate data iftheir radioecologicalregions show characteristics

which are close to those which are alreadydefined. Thus finally, when

completed, these data collection can be used for further studies on the

variabilityofinput parameters allover Europe. The basic set of

necessaryparameters is presented in the Appendix, the detailed set

however can be found in the individualreports ofthe various countries

provided. Theyare available as technicalRODOS reports.

RODOS(WG3)-??(??)-?? Documentation on the two INCO working programs: ’Review of the adequacy of the present foodchain and

dose calculations’ and ’Collection of the data required for each radioecological region and their integration into RODOS’

draft - 3 - 9.12.1999

Contents

Management Summary ................................ ................................ ........ 2

Contents ................................ ................................ ............................. 3

1 Objective ofthe two so called INCO contracts: ’Review ofthe

adequacyofthe present foodchain and dose calculations’ and

’Collection ofthe data required for each radioecologicalregion and

their integration in RODOS’ ................................ ................................ 5

1.1 Foodchain modelling ................................ ................................ .................. 6

1.2 Dose estimation ................................ ................................ .......................... 8

2 Customisation ofFDM ................................ ................................ ... 11

3 Adequacyofthe present foodchain module FDMT ......................... 13

3.1 Adequacyof the present foodchain model (Czech Republic) ...................... 13

3.2 Adequacyof the present foodchain model (HUNGARY) ........................... 14

3.3 Adequacyof the present foodchain model (Poland) ................................ ... 16

3.4 Adequacyof the present foodchain model (Romania) ................................ 16

3.5 Adequacyof the present foodchain model (Russia) ................................ .... 18

3.6 Adequacyof the present foodchain model (Slovak Republic) ..................... 21

3.7 Adequacyof the present foodchain model (Ukraine) ................................ . 22

4 Radioecologicalregions ................................ ................................ . 24

4.1 Radioecological regions (Czech Republic) ................................ ................. 24

4.2 Radioecological regions (HUNGARY) ................................ ...................... 26

4.3 Radioecological regions (Poland) ................................ .............................. 28

4.4 Radioecological regions (Romania) ................................ ........................... 30

4.5 Radioecological regions (Russia) ................................ ............................... 32

4.6 Radioecological regions (Slovak Republic) ................................ ................ 33

4.7 Radioecological regions (Ukraine) ................................ ............................ 34

5 Data collection ................................ ................................ ............... 37

5.1 Data collection for the individual radioecological regions (Czech

Republic) ................................ ................................ ................................ ........ 37

5.2 Data collection for the individual radioecological regions (HUNGARY) ... 42

5.3 Data collection for the individual radioecological regions (Poland) ........... 47

5.4 Data collection for the individual radioecological regions (Romania) ........ 51

5.5 Data collection for the individual radioecological regions (Russia) ............ 56

5.6 Data collection for the individual radioecological regions (Slovak

Republic) ................................ ................................ ................................ ........ 58

5.7 Data collection for the individual radioecological regions (Ukraine) ......... 61

6 REFERENCES ................................ ................................ .............. 64

6.1 References for the introduction ................................ ................................ . 64

6.2 References for the contribution from Czech Republic ................................ 64

6.3 References for the contribution from Hungary ................................ ........... 66

6.4 References for the contribution from Poland ................................ ............. 66

6.5 References for the contribution from Romania ................................ .......... 67

6.6 References for the contribution from Russia ................................ .............. 69

6.7 References for the contribution from the Slovak republic .......................... 70

6.8 References for the contribution from Ukraine ................................ ............ 71

7 Appendix ................................ ................................ ....................... 74

7.1 FDMT data sets for the radioecological regions of Czech Republic ........... 74 draft - 4 - 9.12.1999

7.2 FDMT data sets for the radioecological regions of Hungary ...................... 81

7.3 FDMT data sets for the radioecological regions of Poland ......................... 92

7.4 FDMT data sets for the radioecological region of Romania ..................... 104

7.5 FDMT data sets for the radioecological region of the Smolenskaya NPP

(Russia) ................................ ................................ ................................ ........ 120

7.6 FDMT data sets for the radioecological regions of the Slovak Republic ... 128

7.7 FDMT data sets for the radioecological regions of Ukraine ..................... 142

7.8 Default data set in FDMT for Central European conditions ..................... 157

Document History ................................ ................................ ........... 171 draft - 5 - 9.12.1999

1 Objective of the two so called INCO contracts: ’Review of the

adequacy of the present foodchain and dose calculations’ and ’Collection

of the data required for each radioecological region and their integration

in RODOS’

Within the programofcustomisation ofRODOS for use in Eastern

Europe, the adaptation ofthe foodchain and dose module FDM is

included. The current version ofthe module contains data sets which

more or less are appropriate for mid Europe, in particular for the region

ofSouthern Germany. As these default data cannot be applied over

whole Europe, so-called radioecologicalregions are defined in FDMT

which account for the differences in climate and ingestion habits. These

regions define areas, with relativelyuniformradioecologicalconditions

for which the same set ofmodelparameters can be used.

The selection ofsuch radioecologicalregions, with relativelyuniform

radioecologicalconditions, is predominantlydetermined byprevailing

agriculturalproduction regimes, growing periods ofplants, harvesting

times, feeding regimes for domestic animals, human consumption

habits, etc.. Typically, a countryis subdivided into 1 to 5 such

radioecologicalregions. It is unlikelythat finer subdivisions can be

justified since the year-to-year variations, which are unpredictable,

would be higher than the variations between such fine regions.

Radioecologicalregions have been defined for Czech Republic

Hungary, Poland, Romania, one part ofRussia, Slovak Republic, and

Ukraine.

The task ofthe customisation project was first to identifywhether the

radioecologicaland dose models itselfare sufficient or the application in

Eastern Europe and to collect data for the modelparameters

appropriate to each radioecologicalregion to enhance or replace the

default data within the RODOS database for FDM. This work has been

performed bythe countries based on their available resources and on

data bases. Therefore, the no complete harmonisation ofthe task could

be achieved. This reflects the summaryreport where the selected

procedure is individuallydescribed for the various countries. This

allows on the other hand further customiser to select which of

presented procedures fit best to their needs with respect to available

data and knowledge. Finally, the necessarydata to run FDMT had to be

collected, however, the detailness and the reliabilityis quite different.

This again reflects this report and there was never the idea to harmonise

- which means minimise the reporting - that allthe data collection

procedures look similar. In contrary, the reader has stillthe possibility

to select with the presented information his wayto collect the

appropriate data.

draft - 6 - 9.12.1999

1.1 Foodchain modelling

An important task ofRODOS is to predict the radiation exposure ofthe

population during and after an accidentalrelease ofradionuclides to the

environment. The transfer ofradionuclides fromthe plume to terrestrial

foods , as wellas the resulting radiation exposure, are modelled in the

Deposition Module, the Food Chain Modules, and the Dose Modules 1 .

Besides the main TerrestrialFood Chain Module, which considers the

direct transfer ofradionuclides fromatmosphere onto agricultural

crops, additional modules have been developed for those pathways

which require special modelling approaches (see Fig.1). The estimation

ofdoses, via allexposure pathways which might be ofimportance

during and after the passage ofthe radioactive plume, is performed in

the subsequent Dose Modules; the endpoints are the collective and

individualdoses for allpathways and people ofdifferent ages.

Fig. 1: Structure and data flow ofthe Food Chain and Dose Modules

in RODOS

Following the atmospheric transport and dispersion modelling (ADM),

the activityconcentrations in air and the wet-deposited activityis

transferred to the Deposition Module. The results ofthe deposition

calculation, deposited activityonto plants and soil, are input to the

TerrestrialFood Chain and Dose Module, FDMT. Special modules

have been development for semi-natural(forest) pathways, FDMF, and

for the transfer oftritiumthrough foodchains, FDMH.

draft - 7 - 9.12.1999

FDMT is based on the dynamic radioecological modelECOSYS-87 2 .

The assessment ofthe activityin foodstuffs is performed in several

steps:

(1) Calculation ofactivitydeposition on soiland different species of

agriculturalplants: Dryand wet contamination are considered

separately. Wet deposition is calculated fromthe totalwet deposition

and an interception parameter describing that the fraction ofactivity

retained on the plants depends on the amount ofrainfalland on the

seasonalstage ofdevelopment ofthe plant canopy. Drydeposition on

plants is calculated using a deposition velocity, which depends on the

nuclide considered, the plant type, and also on the stage ofthe plant

development. An irrigation module has been developed to simulate the

activitydeposition onto crops byusing contaminated irrigation water.

(2) Calculation ofthe time-dependent activityin the edible parts of

plants: Contamination ofplants results fromfoliar and root uptake of

radionuclides and - in case ofpartlyeaten plants like potatoes and

cereals - fromtranslocation ofnuclides fromthe leaves to the edible

part ofthe plant. Calculation ofcontamination fromfoliar uptake

considers resuspension and activityloss due to growth dilution,

weathering effects and physicaldecay. The estimation ofroot uptake is

based on soil-plant transfer factors and takes into account the reduction

ofradionuclides available through migration ofnuclides in deeper

layers, fixation to the soiland physicaldecay.

(3) Contamination ofanimalproducts: Activityintake byanimals is

considered byseason-dependent feeding practices, with up to five

different feedstuffs per animal. Plants or products processed fromplants

or animalproducts can be considered as feedstuffs. Activitytransfer

fromfeedstuffs into animalproducts is estimated byusing transfer

factors and biologicalhalf-lives. Radionuclide intake through soil

ingestion is included byapplying an additionalsoil-plant transfer factor.

(4) Contamination of feedstuffs and foodstuffs: Time- dependent

activities in feedstuffs and foodstuffs are calculated byconsidering

activityenrichment or dilution during processing and culinary

preparation. Furthermore, physicaldecayduring processing and storage

times is taken into account.

The dynamics ofthe agriculturalfood chain transfer processes (e.g.,

seasonalityin plant growing) lead to a verypronounced seasonal

dependencyofthe radiologicalconsequences. For example, the same

concentration ofCs-137 in air can lead to a variation ofthe ingestion

dose oftwo orders ofmagnitude, depending on the date ofdeposition.

draft - 8 - 9.12.1999

1.2 Dose estimation

Allexposure pathways which might be ofimportance during and after

the passage ofthe radioactive plume, are considered in the RODOS

Dose Modules:

1. externalexposure fromradionuclides in the plume,

2. externalexposure fromradionuclides deposited on the ground,

3. externalexposure fromradionuclides on the skin and clothes of

people,

4. internalexposure due to the inhalation ofradio nuclides,

5. internalexposure due to the inhalation ofradionuclides from

resuspended soilparticles, and

6. internalexposure due to ingestion ofcontaminated foodstuffs.

The first four pathways are relevant in the earlyphase, i.e. during the

passage ofthe plume, while in the long-termonly(2), (5) and (6)

contribute to the exposure ofpeople.

In RODOS two types ofindividualdoses are calculated:

· Potentialdoses which give an upper limit ofindividualdoses.

· Expected doses which give a best estimate ofthe average exposure

ofthe population.

The assessment ofexternalexposure fromradio nuclides in the plume is

based - for large distances fromthe source - on the time-integrated

activityconcentration in air, assuming a semi-infinite homogeneous

cloud. For locations in the vicinityofthe emission source, a three-

dimensionalintegration over the contribution ofallparts ofthe plume is

performed in the atmospheric dispersion module ofRODOS; the

resulting kerma in air is passed to the Dose Module, which estimates

the organ doses and/or effective dose fromit.

The externalexposure fromnuclides deposited on ground and other

surfaces ofthe human environment is calculated on the basis ofthe total

deposited activityonto a standard surface (lawn). Correction factors

considering different shielding and deposition patterns (especiallyin

urban areas) are used for calculation ofexpected doses. For both

externalexposure pathways (cloud and ground) age dependent dose

conversion factors are used, based on Monte Carlo calculations using

human phantoms. The major problem in estimating expected doses

comes from large variations ofthe reduction effects due to staying in

different environments outside and inside houses and to residualhabits

ofpeople. It is not possible to consider allactualconditions in the dose

estimation. So the estimated doses can onlybe average doses for the

average population. For allexternalexposure pathways, potentialdoses

are estimated byassuming that the people stayoutdoors over a lawn

allthe time, i.e., no shielding or filtering effects bybuildings are draft - 9 - 9.12.1999 assumed. As an additionalpathwayofexternalexposure, irradiation

fromradio nuclides deposited onto the skin and clothes is considered.

The applied modelis considered to have rather big uncertainties, but the

contribution ofthis pathwayis ofminor importance. Externalexposure

fromforests is modelled separatelybyconsidering the separate

contribution fromcanopyand soil.

Inhalation doses are estimated fromthe concentration ofactivityin air

byusing age-dependent inhalation rates and dose factors. Long term

inhalation ofresuspended material is considered, but the database for

the applied model is relativelypoor. Potential inhalation doses assume

that people stayoutdoors, while expected doses consider lower

concentrations ofactivityinside buildings and the average fractions of

time when people stayin- and out-doors.

Ingestion doses are calculated fromthe time-dependent concentrations

ofactivityin foodstuffs, byapplying age- and season-dependent

consumption rates and age-dependent dose conversion factors. A

specialproblemwith ingestion doses is that manyfoodstuffs are

produced at a location different fromthat where theyare consumed.

Realistic consideration of food transport is hardlypossible, especiallyin

the case ofan emergency, which mayinvolve unpredictable changes of

the transport pattern. In addition, spontaneous changes ofpeoples´

consumption rates can easilyoccur. Therefore, onlypotential ingestion

doses (i.e., assuming full localproduction ofallfoodstuffs and long-

term-average consumption rates) are calculated in RODOS.

In RODOS also collective doses are estimated in order to quantifythe

effectiveness ofdifferent possible countermeasures for mitigating the

radiologicalconsequences. The collective dose ofa certain population

is commonlyconsidered as the sumofindividualdoses ofallpeople

belonging to the population. For large populations it is not possible to

take this definition as a basis for calculating the collective dose, since it

is not possible to consider the living conditions ofall individuals for

estimating their individualdoses. Within RODOS, especiallythe relative

changes ofthe collective doses due to application ofcountermeasures

are ofconcern. This justifies the application ofan approximating

method for estimation ofthe collective doses: the individualdoses for

average adults are multiplied with the totalnumber ofinhabitants living

in a certain area.

In the case ofingestion doses, the summing up ofindividualdoses is

complicated bythe fact that foodstuffs are normallynot totally

produced in the area where theyare consumed (or vice versa). For

reasonablyestimating a collective ingestion dose for a population, it

would be necessaryto know where allthe foods have been produced

and what the leveloftheir contamination is. This knowledge is not

available, in general. Therefore another approach to calculating the

collective ingestion dose is applied in RODOS: the collective dose draft - 10 - 9.12.1999 results fromconsumption ofallfoodstuffs produced in a certain area,

irrespective ofwhere theyare consumed.

draft - 11 - 9.12.1999

2 Customisation of FDM

Each ofthe contractors first investigated the accuracyofFDMT for the

customisation purposes. In general it was agreed that the structure and

the content ofthe modelseems to be sufficient for the use in RODOS

over a wide range ofenvironmentalconditions. But it became also

obvious, that the animalfeeding and human ingestion habits differ

widelyallover Europe. Therefore, FDMT had to be made flexible

enough to consider the animalfeeds and human foodstuffs of

importance in the countries in which RODOS willbe implemented.

To this purpose, FDMT contains a basic set of feed and foodstuffs

which are produced nearlyallover Europe and are considered in all

regions. This allows a comparison ofthe contamination ofthese

standard products within the whole area under due consideration to be

made. In addition, for each radioecologicalregion the animalfeeds and

foodstuffs which are important for the nutrition ofthe average

population or individualgroups can be defined in the modelspecifically.

For this purpose, severalplant models are available in the food chain

module which can be adjusted byan appropriate choice ofmodel

parameters to the conditions ofindividualcrops. Similarly, region

specific animalproducts can be defined byadapting the parameters of

the modeldescribing the transfer ofradionuclides fromfodder to animal

products.

Besides the standard products which are common to allradioecological

regions additionalproducts - so-called variable products (feedstuffs or

foodstuffs) can be defined for each ofthe regions. Default data are

available for CentralEuropean conditions; theycomprise 22 animal

feeds (17 based on plants, 4 based on animalproducts and feeding

water) and 35 foodstuffs(17 plant products, 17 animalproducts and

drinking water). The relativelylarge number ofproducts is due to the

need to reflect properlythe diversification ofplant species in reality.

Furthermore, some foodstuffs with smallaverage consumption rates

have to be included to cover the possiblyhigh importance to critical

groups, e.g., sheep or goat´s milk.

Following the agreement on the accuracyofFDMT, the contractors

started to define the appropriate radioecologicalregions for their home

countries. Thereafter, data collection started which is, however, still

ongoing. According to the structure ofFDMT, data collection can be

subdivided into nuclide dependent and nuclide independent data sets.

· Nuclide independent parameters consist of:

· Products to be considered (plants, animalproducts, feedstuffs,

foodstuffs...)

· Plant growing and harvesting times

· Feeding habits draft - 12 - 9.12.1999

· Consumption habits

· Nuclide dependent parameters consist of:

· Translocation factor

· Soilparameters (leaching rate, fixation rate...)

· Soil-plant transfer factors

· Transfer factors to animalproducts

· Processing of feed-/foodstuffs

The investigation about the adequacyofthe models, the definition of

the radioecologicalregions and the data collection is attached for each

ofthe six contractors in the following chapters. The collected data

cannot be presented in detail, however the information collated in the

Appendix provides an overview about the available information. To be

compared with, the default data set ofFDMT, appropriate for Central

European conditions are also attached in the Appendix.

draft - 13 - 9.12.1999

3 Adequacy of the present foodchain module FDM T

The first task in the customisation process was to examine ifthe present

FDMT modelapproach is adequate for the use in the individual

countries. This was achieved mainlybycomparing FDMT with local

radioecological models as wellas in the case ofRussia, Slovak republic

and Ukraine bycomparing it with an extensive data base fromthe

Chernobylaccident. In general, the modelling approaches were broadly

agreed as being adequate for radioecologicalassessments in Eastern

countries after the collection ofthe appropriate parameters. However

the processes ofleaching in soiland the uptake ofsoilbygrazing

animals have been identified as potentialcandidates for model

improvement (Russia). ConsequentlyFDMT willcontain updated

submodels for these processes in its version 4.0.

3.1 Adequacy of the present foodchain model ( Czech Republic)

3.1.1 Present status of knowledge in the Czech Republic

Modeling ofthe radionuclide transport in food chain has a certain

tradition in the Czech Republic. The foodchain modelENCONAN

(EnvironmentalContamination Analysis) [4] was used to test the

adequacyofthe FDMT modelfor the Czech Republic. The modelwas

successfullyverified byits author within VAMP validation studyfor CB

scenario [5].

The modelconsiders allspecific pathways. It reflects the dynamics of

the time dependent deposition process on the plant surface in the

various phases ofvegetation period, the transport via leaves or roots to

the plant and the transfer fromfeed to animalproducts. The success of

the modeling is also dependent on manyadditionalfactors including

feeding habits, farming practices and crop processing technologyused

in the Czech Republic territoryto prepare foodstuffs and feeding

mixtures. The model in generalcan be regarded as deterministic based

on the method ofconcentration factors. However for pork

contamination, a dynamic compartment model is used. Food

consumption rates originated fromofficialtrade balance data and their

categorisation according to various age group was done on the basis of

negotiations with experts. The results ofthe dynamic modelling have

been compared for particular cases with COSYMA and the results have

been published in [21].

Manymodelparameters have been alreadyinvestigated and data

collected [6]. However, in comparison with FDMT, the ENCONAN

data represented onlya subset ofthe necessarylocalfoodchain

parameters (for onlyone ecologicalregion , restricted set ofproducts).

draft - 14 - 9.12.1999

The following areas were alreadyinvestigated in relation with

application ofENCONAN modelfor the Czech region:

· plants considered (13 species ofthe most important plants)

· plant characteristics (vegetation period characteristics, yields,

consumption delays)

· annualconsumption rates for different age categories were found

for the main foodstuffs

· feeding diets ofanimals were defined

Besides the items mentioned above manyusefulnuclide dependent and

nuclide independent parameters were collected, which could be used in

further FDMT customisation.

3.1.2 Conclusion related to the adequacy of FDMT for Czech Republic

On the basis ofthe previous experience one can conclude that FDMT

represents a sophisticated toolwhich should substitute anyformer

simpler models. It complies with the structure ofthe food chain

modelling considered for Czech Republic but more local input data are

needed.

FDMT has been checked for its capabilityto cover the variabilityin

plant production, foodstuffconsumption, processing procedures and

other features specific for the Czech Republic. The dimension ofthe

parameters are sufficient to add some additional local-specific items.

Collection and construction ofthe FDMT data for Czech Republic are

submitted to internalqualityassurance procedure within the

�Accreditation ofthe RODOS for its use in Czech Republic^ task. It

should be noted, that for alldata its source and future maintenance

should be clearlydefined and the values have to complywith the

parameters explicitlydefined in the corresponding obligatory

governmentalregulations ofthe Czech Republic (mainlythe new

Atomic Law).

3.2 Adequacy of the present foodchain model (HUNGARY)

The development ofthe radioecological models has accelerated in

Hungarysince the reactor accident in Chernobyl. Due to this work a

new set ofimproved models was outlined untilthe mid nineties. These

new models participated in different internationalenvironmental model

validations studies (e.g. VAMP - Validation ofModelPrediction;

BIOMOVS Phase I and II - Biospheric ModelValidation StudyPhase I

and II; organised bythe IAEA and the Swedish AcademyofSciences),

where the overallperformance ofradioecological models has been

tested.

draft - 15 - 9.12.1999

In case ofthe aquatic and terrestrialfoodchain models, these new

models are also based on the compartmentalconcept, but theyare more

detailed and theyinclude more accurate and improved parameter sets.

The structure ofthe most recentlydeveloped terrestrialfoodchain

model(called as SIRATEC), has been finalised in 1994. Its parameters

are updated permanently. The modelpredicts the concentrations in

various crops and includes dose calculation due to ingestion.

DEPOSITION

PLANTS

ANIMALS

SOIL

STORAGE,

PROCESSING

CONSUMPTION

Figure 1: The structure of terrestrial foodchain model SIRATEC

The simplified structure ofthe terrestrialfoodchain model is

demonstrated on Figure 1.

Within the last years, SIRATEC has been successfullyapplied in the

internationalprograms BIOMOVS and VAMP. It was able to predict

the concentrations in crops within the range ofa factor of3 to 5 in case

ofthe situation in Hungaryafter the accident in Chernobyl.

Because SIRATEC is much more simpler than the FDMT in the present

stage, it can be expected that FDMT willbe able to produce as good

(or more likelybetter) estimations as our present model.

In particular, the exercises have demonstrated that no special

modification seems to be needed in FDMT to assess the levelofthe

contamination in the terrestrialfoodchain and doses due to specific

conditions in Hungary.

draft - 16 - 9.12.1999

3.3 Adequacy of the present foodchain model (Poland)

Within the process ofevaluation ofthe applicabilityofFDMT to Polish

conditions, the following conclusions can be formulated:

The generalfunctionalstructure ofFDMT is flexible enough to include

localconditions through the tuning ofthe parameter data base. In

particular, it is necessary:

1. to include other plants (alfalfa, cabbage, open area and green

house cultivated lettuce) in the database,

2. to adjust parameters for some components (e.g. leafyand root

vegetables), and

3. to extend the human diet and animaldiets to account for Polish

habits

Extension ofFDMT mayinclude the following functionalities:

1. Absorption dose conversion coefficients are currentlybased an

ICRP30 (from1979 year). New set ofdata such as ofBasic

Standards 115 (1996 year) would be more appropriate.

2. The radionuclide concentration in criticalhuman organs could

be calculated. It would require modification parameter database

ofFDMT to include parameters of functions ofelements

retention in criticalorgans.

3.4 Adequacy of the present foodchain model (Romania)

Following the Chernobylaccident, a Romanian radioecological model

has been developed to be used for dose assessment. In 1989, the final

product, LINDOZ-89, was applied in international modelvalidation

exercises (VAMP, BIOMOVS) showing adequate performance in

various scenarios.

To test the FDMT model, also the methodologyofECOSYS - which is

similar to the present FDMT module - was used to compare predictions

on milk with Romanian data on drydeposition events in May1986 .

These comparisons showed good performance when the vegetation

period was adapted to Romanian conditions (two weeks delay) and the

animaldiet was adjusted accordingly. Quite good predictions for mixed

(dryand wet) deposition events were also obtained for grain.

draft - 17 - 9.12.1999

Figure 1 ECOSYS applied to Romanian - milk immediately after

Chernobyl

For the basic assessment ofthe contamination ofcrops, FDMT seems

to be adequate in its present structure. However, more tests maybe

needed in order to decide ifimprovements are usefulfroma practical

point ofview. For instance, a more sophisticated procedure to calculate

the deposition on plants and soil, the foliar absorption and the

bioavailabilityofthe fallout mayimprove the modelperformances but

can be masked byuncertainties in the source term. However, due to the

new deposition modelling, parts ofthese improvements willbe found in

the version 4.0 ofFDMT.

A significant modification necessaryfor Romanian conditions was the

introduction ofthe straw as feedstuff. Because foliar absorption is not

considered in FDMT, straw contamination has been computed using the

translocation approach ( plant model5). Using experimentaldata from

Denmark and GSF (4-5) , appropriate translocation factors have been

deduced for Cs. For Sr there are no direct experimentaldata and a scale

factor Sr/Cs has been used, derived fromgrain. The whole procedure

has been compared with predictions fromLINDOZ and reasonable

agreement has been obtained.

Another modification was the introduction ofmaize grain as foodstuff,

using the same modelparameters as for maize cobs, but adjusting the

yield and harvesting time. In order to simplifythe assessment

procedure, clover and alfalfa have been considered as `grass intensive´

with minor parameter modifications.

draft - 18 - 9.12.1999

3.5 Adequacy of the present foodchain model (Russia)

The Russian Federation territorycan be regarded as rather large with

manydifferent climatologicaland geologicalproperties. Therefore, it

can be sub-divided into a large number ofradioecologicalregions

(about 60) varying in their characteristics and, consequently, the

behaviour ofthe radioactive substances. An area ofRussia that includes

the Smolensk and Kaluga administrative regions ofthe Russian

Federation has been selected to test FDMT. This region includes a

nuclear power plant (Smolenskaya NPP) and the soil, climatological,

agriculturalpractice and dietaryhabits are quite uniform. The test ofthe

adequacyand the subsequent adaptation ofFDMT for the Smolenskaya

NPP radioecologicalregion provides some means to develop a

procedure for the adaptation to other regions ofthe Russia Federation.

3.5.1 Adequacy of the model structure

To test the adequacyofFDMT for the Smolenskaya NPP

radioecologicalregion, experimentaldata, obtained in different periods

after the Chernobylfallout (acute and long-termperiods) has been used.

Experimentaldata on the time function ofthe 137 Cs and 131 I contents in

grass during the first months after the fallout were used to test the

submodelthat describes the interception ofthe fallout and the further

redistribution ofthe radionuclides in the soil-plant systemdue to the

processes oftranslocation, dilution, as wellas weathering effects. It

should be noted that the amount ofinformation on the behaviour ofthe

radionuclides in the earlyperiod after the aerialuptake is rather limited.

It is, therefore, quite difficult to test the above mentioned submodelfor

a wide range ofcrop species.

To test the submodelthat describes the root uptake ofradionuclides a

database ofRIARAE on the time dependencyofthe transfer of 137 Cs to

different agriculturalcrops in the Smolenskaya NPP radioecological

region was used. The above database includes the dynamics ofthe

transfer factors over 7-9 years following the Chernobylfallout.

Experimentaldata describing the seasonaldynamics of 137 Cs and 90 Sr

content in milk and meat of farmanimals were used to test the

submodelthat calculates the contamination ofanimalproducts. This

information was obtained for farms in the Bryansk region affected by

the Chernobylaccident. It should be pointed out that the characteristics

ofthe farmanimals and their feeding habits in the Bryansk and

Smolenskaya NPP regions are verysimilar.

This test ofFDMT and its sub-modules has demonstrated that the

structure ofFDMT is suitable for the description ofthe behaviour of

radionuclides in the agro-ecosystems ofthe Smolenskaya NPP region

At the same time, based on the analysis ofdifferences in farming

practices between countries ofWestern Europe and the Russian draft - 19 - 9.12.1999

Federation, those areas have been identified where modification of

submodels might be necessary. This comprises the behaviour of

radionuclides in soil(in particular the account ofroot mat location of

radionuclides in the meadow ecosystems in the earlystage) and the

radionuclide uptake byfarmanimals (with the consideration ofthe

ingestion ofsoilparticles).

3.5.2 Adequacy of the model parameters

The results fromthe comparison ofcalculated and experimentaldata on

the 137 Cs and 131 I contents in grass in the earlystage suggest that the

loss rate for extensive used meadows in the Smolenskaya NPP

radioecologicalregion cannot be adequatelydescribed byusing the

default data set ofFDMT adopted to the conditions ofCentralEurope.

The experimentalvalues of 137 Cs and 131 I one month after the fallout are

bya factor of8-10 lower than the calculated ones. This can be

explained bydifferences in the climatic conditions for the

radioecologicalregions ofGermanyand CentralEast- European areas,

as wellas bythe different characteristics ofthe meadow vegetation

dependent on its species composition and ways of farming.

The comparison ofexperimentaldata and calculations with FDMT for

the 137 Cs transfer fromsoilto different crops cultivated within the

Smolenskaya NPP radioecologicalregion showed that the experimental

transfer factors are about 2 to 7 times higher than the calculated ones.

This has been observed for allcrops during the period under

investigation (9 years following the Chernobylaccident). The reason

seems to be the low fertilityofthe soil in the Smolenskaya NPP region

which is linked to a low humus and nutrient content. In this region (and

in a number ofregions ofthe Russian Federation) - for economical

reasons -, onlysmallamounts of fertilisers, which do not complywith

the existing internationalstandards, are applied.

RIARAE carried out specific experiments to checking oftransfer

parameters fromdeposited radionuclides to animals. In these

experiments typicaldomestic animals received welldefined quantities of

radionuclides in their feeds. The observation times exceeded several

biologicalhalf-life periods ofthe investigated radionuclides.

The differences between FDMT and the experimentaldata is caused by

a wide range ofdifferences in the agro-ecosystems ofthis

radioecologicalregion and Western Europe (soil-climatic conditions,

specialfeatures of farming). Therefore, information has to be collected,

dependent on the environmentalconditions and specific features ofthe

agriculturalproduction (nuclide independent parameters), as wellas

radioecologicalparameters reflecting the rate ofradionuclide migration

in the various components ofthe specific agro ecosystem(nuclide

dependent parameters).

draft - 20 - 9.12.1999

3.5.3 Modification of FDMT model for the conditions of CIS countries and performance

of validation studies with the adapted model

The modelFDMT, adapted for the Smolenskaya NPP radioecological

region, described quite adequatelythe behaviour ofthe radionuclides in

the short and mediumrange after the fallout. However, it was shown

that it might be necessaryto improve the modelfor the behaviour of

radionuclides in soil. The one-exponential modeldescribing a decrease

in the amount ofavailable radionuclides in the root layer does not

reflect allchanges in the biologicalavailabilityofthe radionuclides in

longer termafter the fallout.

Two districts ofthe Bryansk region, Klimovskyand Novozibkovsky,

were chosen for modeltesting. Countermeasures ofdifferent intensities

were applied to these districts to reduce the uptake ofradionuclides to

farmproducts. The complete set ofcountermeasures was applied to the

Novozybkovskydistrict whereas nearlyno countermeasures were

applied in the Klimovskydistrict, except for a few measures on animal

husbandry.

Figure one illustrates the dynamics of 137 Cs concentration in grain either

calculated with the modeland obtained byexperiments for the

Klimovskydistrict. Similar results were obtained for other agriculturalal

products.

�

�

�

� � � � � � � �

� � � �

� � � �

D

U

V

�

� � �

� � � �

� � � �

� � � � �

&