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Abstract. The Chernobyl accident clearly demonstrated the necessity of the
development of an integrated and comprehensive real-time on-line decision support
system for nuclear emergencies. Aquatic exposure pathways are considered to be a
significant part of a decision support system. In the decision support system RODOS
a set of aquatic models are implemented to assess the dose due to the transfer of
radionuclides throughout the aquatic environment. The runoff model RETRACE,
developed by SPA Typhoon, Russia, models the land-to-water transfer, while the lake
model LAKECO, developed by KEMA, the Netherlands, predicts the fate and
behaviour of radionuclides in a lake ecosystem. RETRACE contains a hydrological
and radiological submodel, while LAKECO has enhanced submodels for the water
sediment interaction, and the transfer of radionuclides throughout the aquatic
foodchain. To improve and prove the reliability of the models, several validation tests
have been performed within the framework of the IAEA coordinated project VAMP,
and within the BIOMOVS II program. Additionally the models were successfully
tested by means of validation scenarios for the Rhine and the Ilya River. New
empirically and physically based submodels improved the flexibility and the
predictive power of the models. Within RODOS both models are integrated and
coupled to dose and countermeasure models to assess in accidental circumstances the
short and long term radiological consequences due to the aquatic exposure routes.

The Runoff model RETRACE

The RETRACE model is designed to operate as a part of a decision support system. It
predicts the runoff in the early phase after a nuclear accident. The model uses a standard set
of operative meteorological observations and cartographic data (relief, soil, vegetation and so
on) stored in a database, available at this stage of an accident. RETRACE predicts the
radionuclide transfer from 1 day to 2-3 months after the radioactive fallout. Two sets of
submodels (RETRACE-1 and RETRACE-2) are aimed to model the migration of radionuclides
from land to water both for relatively small ( less than 1000 km2) and large areas. The
hydrological submodels consider the major hydrological processes, which govern radionuclide
transport through a watershed: snowmelt, canopy interception, evapotranspiration, overland
flow, interflow, and fast groundflow.

The physically based RETRACE-1 model is based on the well-known 2D-kinematic
wave approach. The main principles of this model have been tested with the BIOMOVS II
Scenario W [1].
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The RETRACE-2 model was based on Yu.B.Vinogradov's approach [2] which was
proved to be acceptable to consider hydrological processes on large territories (watershed
scale). The hydrological submodel of RETRACE-2 has features of both the lumped-parameters
and of the distributed-parameters models. The specially developed scenario on Bya River data
(30-km Chernobyl zone) was prepared to validate the RETRACE-2 model.

The radionuclide transport submodels are in balance with the main approaches of the
hydrological submodels. All physio-chemical forms of radionuclides in soil-water systems are
taken into account in both submodels. The well-known scheme [3] of radionuclide forms has
been implemented. The balance of adsorbed and dissolved exchangeable radionuclide is
described by using the distribution coefficient approach. The transport of radionuclides in the
vertical direction is described by a relatively simple advective-diffusion model, enable to
predict the total storage of a radionuclide in the top layer of the soil involved in the washing
process.

Figure 1 demonstrates the comparison between measured and simulated radionuclide
concentrations in the Ilya River system. The inset of figure 1 gives the location of the Hya
River.
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Figure ] . The predicted "'Sr levels compared with the measurements. Result RETRACE-2 model for Uya
River system. Inset: location of the Ilya River.

The lake ecosystem model LAKECO

LAKECO is based on the box model approach, in which complete mixing in boxes is
assumed, and in which the radionuclide concentration after an accidental release can be
predicted by a model based on a set of linear equations of the first order. The system of linear
differential equations obtained by mass balances on all subcompartments is solved
numerically. Figure 2 shows a general overview of the LAKECO model.

In the sediment layer two boxes, in which homogeneous concentrations are assumed, can
be distinguished to describe the downward and upward transport of radionuclides. In the
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sediment layer both transport of adsorbed and dissolved radionuclides is modelled. The
processes which are taken into account are: particle scavenging/sedimentation, molecular
diffusion, enhanced migration of radionuclides in solution due to physical and biological
mixing processes, particle reworking also due to physical and biological processes, burial, i.e.
the downward transfer of radionuclides in the bottom sediment seabed as a result of the
sedimentation process. Transports are the inflow of contaminated river water from the catch-
ment and the outflow at the outlet of the lake [4].
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Figure 2. General outline of the lake ecosystem model LAKECO

LAKECO contains a dynamical biological uptake model to be applied on lake
ecosystems with various environmental properties. This dynamic approach is necessary, since
the concentration factor approach tends to overestimate the concentration in the first period
after the initial contamination. The more complex and accurate dynamical approach takes the
position in the foodchain into account i.e. the transfer of radionuclides from organism to
organism due to the prey-predator relationship.

Tests with LAKECO on several lakes in Europe with a wide variation of environmental
circumstances were a challenge to identify the predictive power of the model approach. Not
only to obtain insight in the applicability of this model, but also to get more insight in all pro-
cesses involved regarding 137Cs as a tracer.

Finally validation exercises and a sensitivity analysis resulted in model improvements
and modifications, these consisted out of empirically and physically based submodels derived
from literature and moreover from studies performed within the framework of other EC-
projects. The predictive power increased after the implementation of these submodels. On the
basis of relatively easily measurable parameters like the chemical composition of the lake
water, and the lake morphology, the model predicts the levels of radiocaesium in the lake
ecosystem with a very high reliability. Other parameters, like the food extraction efficiency,
were fixed on the basis of values of the VAMP validation [5], which gave a good agreement
between the predictions and the measurements.

A good opportunity to test the increase of the predictive power of the model was the
performance of a blind validation test by means of the Cooling Pond Scenario supplied by
BIOMOVS II [6]. The improvement in the model predictions is presented in figure 3. The
dashed line represents the results on the basis of the LAKECO model without the new
submodels, the other line represents the results of the enhanced model. This indicates, that
LAKECO-B has an accuracy and flexibility which makes the application on various types of
lake ecosystems possible without special expert judgements or extended sets of data on
biological and physical parameters.
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Figure 3. Cooling Pond Scenario: model predictions with implemented submodels (LAKECO-B; line) versus
results without submodels (LAKECO: dashed line). l37Cs concentration in the water column of the
Chernobyl Cooling Pond (left), l37Cs in the top predator (right).

Conclusions

The results of the tests with the RETRACE model demonstrate the applicability of the RETRACE model
to simulate radionuclide washout from watersheds. The approaches realized makes RETRACE a useful tool in
decision support systems like RODOS.

The implementation of powerful submodels in LAKECO, after extensive validation tests, increased the
predictive power of the lake ecosystem model. No longer expert knowledge is required to apply the model, since
the input of the model has been changed from model specific parameters to environmental specific parameters.
Blind tests on the Cooling Pond demonstrated the increase of the model accuracy by implementation of these
empirically and physically based submodels. Therefore LAKECO can be regarded as a flexible tool to predict
the fate and behaviour of radionuclides in lakes with a minimum of input parameters.
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