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Abstract. The one -dimensional model of radionuclide transport in a network of
river channel RTVTOX and two-dimensional lateral-longitudinal model of
radionuclide transport in rivers, reservoirs and shallow lakes COASTOX have been
implemented into the hydrological model chain of the decision support system
RODOS. The software framework is developed to operate the models and to
support their coupling with the other parts of RODOS hydrological model chain.
The validation studies were performed for RIVTOX and COASTOX on the base of
the data sets from Ukrainian, German and United States rivers.

1. Introduction

Real-time on-line decision support system RODOS for nuclear emergencies in Europe
includes the hydrological model chain [1,2]. The one -dimensional model of radionuclide
transport in a network of river channel RIVTOX and two-dimensional lateral-longitudinal
model of radionuclide transport in rivers, reservoirs and shallow lakes COASTOX, both
developed to evaluate post-Chernobyl contamination of the Ukrainian rivers [3-6], have
been implemented into the RODOS hydrological model chain. The main objectives of this
models is to evaluate radionuclide concentration in water, bottom depositions and suspended
sediments following radionuclide washing out into the rivers (RIVTOX) and direct releases
of radioactivity to rivers, lakes and reservoirs (COASTOX). The simulated concentrations
are used in the aquatic dose assessment module of hydrological chain [2]. The software
framework was developed to operate RIVTOX and COASTOX and to support their
coupling with other models of hydrological chain. The paper describes a brief these
activities.

2. COASTOX model and its validation

COASTOX is two-dimensional model developed to simulate depth averaged concentrations
of radionuclides in solute, suspended sediments and in bottom depositions of reservoirs,
floodplains and coastal areas. The model is used to analyze radionuclide dispersion in water
bodies with significant spatial variations of the concentrations (vicinity of the releases,
transport above inhomogeniously contaminated bottom, etc.). The model describes currents
(Fig.l), sediment transport, advection-diffusion pollutant transport, radionuclide - sediment
interaction [5]. It also calculates the dynamics of the bottom deposition contamination and
describes the rate of sedimentation and resuspension as a function of the difference between
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the actual and the equilibrium concentration of suspended matter depending on the transport
capacity of the flow. The latter is calculated on the base of semi-empirical relations. For
describing the adsorption/desorption and diffusion contamination transfer in the systems
"solution - suspended sediments" and "solution - bottom deposition" the Kd approach has
been used. For a more realistic simulation of the kinetics of the processes the exchange rates
between solution and particles was taken into account. The adsorption and desorption rates
assumes to be not equal. The finite-difference methods are used to solve the model's
equations.

Fig. 1. Simulated flow pattern on the Pripyat River Floodplain at Chernobyl NPP

The validation studies were done for the COASTOX on the base of the experimental data
obtained during flooding of Pripyat River Floodplain (Fig.l) [3,5] and during spring floods
in the Dnieper reservoirs. The simulated 137Cs distribution during 1987 spring flood in Kiev
Reservoir (Fig.2) shows significant spatial variability in contamination field. The initial data
for modeling are the measured by the Ukrainian Hydrometeorological Institute 137Cs
surface density of the bottom deposition and ten day averaged concentrations of 137Cs in
solute and on suspended sediments at the mouth of the Dnieper River and Pripyat River
discharged into the Kiev Reservoir.
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Fig. 2. Simulated I37Cs (Bq/rn^) concentration in solute in the Kiev Reservoir,
30 April 1987.
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The simulated results were averaged over the reservoir outflow and then were compared
with experimental data. It was achieved the reasonable agreement with the averaged data
of measurements at outflow from Kiev Reservoir (Fig. 2) - for April 1987 measured 137Cs
concentration equals to 751 (Bq/m3) in solute and 130 (Bq/m3) at suspended sediments.

3. RIVTOX model validation and implementation

The one-dimensional model RIVTOX was developed to simulate the radionuclide transport
in networks of river channels [3, 4]. The model equations could be obtained by the
averaging of COASTOX equations over the crossections of river channel.

RIVTOX simulate radionuclide transport in a river net following the direct release into
the river (point source) or the wash-off of radionuclides from a watershed (lateral inflow).
In the case of the wash-off the output from RETRACE is used as the input to RIVTOX.

Within JSP-1 Project RIVTOX was applied to simulate dispersion of pollutants in the
Mosel River as result of radioactive fallout after the accident at Chernobyl NPP (Fig. 3).
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The model tuning and calibration study has been done on the base of Dnieper River post-
Chernobyl data within IAEA\CEC VAMP Programme [6]. RIVTOX was validated also
within this Programme on the base of scenario of Clinch River -Tennessee River
contamination due to radionuclide releases from Oak Ridge (Fig. 4)
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Fig. 4

RIVTOX has been used in Ukraine in summer 1995 to evaluate the consequences of the
accidental continue release of the Kharkov municipal waste water to the rivers. It was
customized and adopted in the IMMS as the part of the RODOS hydroiogical chain within
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several days to simulate chemical and bacteriological contamination of the Udy River -
Siversky Donets River aquatic system. By the request of the State Emergency Commission
some calculations have been provided to evaluate the amount of water that should be
pumped to the Siversky Donets trough the channel from the Dnieper River to improve water
quality parameters to the maximum permissible levels. This countermeasure on the base of
RODOS' hydromodule calculations was successfully implemented by the Ukrainian State
Committee on Water Resources.

4. User interfaces of RIVTOX and COASTOX.

User interfaces of RIVTOX and COASTOX models were realized in the frames of common
RODOS Hydrological Module User Interface. Interface supports geographical object
selection. It's possible to keep and select different river net systems for RIVTOX simulation
and different 2-D objects for COASTOX simulation. Interface provides data base
management functions for RIVTOX and COASTOX models. It is possible to input and to
edit geographically depended and independent data. System of menus makes data base
management easy and convenient.

An user can run RIVTOX and COASTOX separately or simultaneously in automatic and
manual modes. It is possible to transfer data from RIVTOX to COASTOX and vice versa
during the simulation. RIVTOX and COASTOX can use data exchange with other models
of hydrological chain (RETRACE, H-DOSE and LAKECO). Results of simulation could
be saved into the data base for later usage.

There are different graphical tools in the RIVTOX and COASTOX interfaces for
simulation results and data base information representation. Data could be represented as
maps of contamination and graphs.
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