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Abstract

Radionuclides released in waterways are not simply transported by the
water. Other complex phenomena occur : adsorption/desorption to
sediments, sedimentation and accumulation on river's bed, interaction
with interstitial water, and eventually resuspension in the water
column. These processes present various time and lenght scales.

The paper describes the major processes which govern the dynamic
contamination of waterways in case of an accidental release, and
presents a model which formulates the conservation of water, of
sediments, and eof radionuclides. This study 1s necessary to assess the
dynamic transfer of radionuclides through aquatic ecosystems to man.

1. Introduction

Reactor risk and reactor safety analysis very seldom consider
contamination of surface-water bodies. The main reason is that a few
studies indicate that the contamination of surface-water bodies after
reactor accident by erosion of atmospherically-deposited radionuclides
is not a large contributor to the risk associated with reactor accident
(HELTON, MULLER, BAYER, 1985).

However, the possibility of direct releases of contaminated water in
reactor accident situation should not be neglected (a possible release
mode could be the result of an outflow through a melting hole) : this
situation can lead to a very intensive contamination of the surface
water, which could require short-term operational counter measures,
especially where surface waters are used for the production of drinking
water. Contamination of surface waters can also induce contamination of
suspended matter and sediments.

It is thus important to develop methods to assess the dynamics of water
and sediment contamination in case of accidental release, as drinking
water and sediment deposition on land are, in many european countries,
one of the significant exposure pathways to man.



2. Modelling radionuclides transport in waterways

Radionuclides released in surface water bodies (lakes, rivers, ...) are
not simply transportsd by the water. Other complex phenomena occur
adsorption/desorption to suspended matter, sedimentation of suspended
matter, accumulation on river's bed, and eventually resuspension of
sediments (and thus also of radionuclides) in the water column.

The behaviour of radionuclides in surface waters cannot thus be
described without a preliminary knowledge of the water and sediment
transport.

A deterministic, one-dimensionnal non-stationnay model, which formulates
in a simple way the conservation of water, of sediments, and of
radionuclides in rivers has been developped (SMITZ, EVERBECQ, FRERE,
1985). This model is organized in 3 steps.

Step 1 : the hydraulic and hydrodynamic submodel.
This submodel integrates the set of data describing the physical
geometry of the river (width, slope of the bed, slope of the banks,

location of docks and dams, ...), and eventually the constraints imposed
to the river flow (water levels for navigation, ...); this hydrodynamic
submodel calculates, at each point and each time, the hydrodynamic
variables : river flow, depth, cross-section area, velocity, bottem
stress, ... (cross-section averaged values).

The input data are the river flow measurements at one or several
stations.

Step 2 : the sediment submodel.
The adsorption/desorption interaction of radionuclides between water and
sediment particles is highly dependent on the physical characteristics
of the sediment : radionuclides are strongly adsorbed to small particles
(clay and silt), and very few to large particles (sand). Hydrodynamic
processes of sedimentation/resuspension are also influenced by the grain
size : small particles fall slowly, and easily remain in suspension.
It is thus necessary, for both hydrodynamic and radiologic arguments, to
consider various grain size classes of particles.
To be able to describe the sedimentation/resuspension process, it is
also necessary to consider 2 compartments (for each class of particles)
the suspended matter (g/m3), and the bottom sediment (g/m2).
In the sediment submodel developped, the sedimentation flux is
considered to be proportionnal to the difference between the bed shear
stress and a critical deposition shear stress (with one critical
deposition shear stress per class of particles); the resuspension flux
is considered to be proportionnal to the difference between the bed
shear stress and a critical resuspension shear stress (with one critical

shear stress per class of particles). Parameter values adepted for
settling velocities, critical sedimentation shear stresses, critical
erosion shear stresses, ... are typical values given in the litterature.

The source of sediments in the system is the supply of sediments by the
tributaries, as the result of the global erosion process of the basin;
this input of sediments is assessed by statistical relations based on
fields maesurements.



Step 3 : the radionuclide submodel. .

The radionuclides submodel developped describes the activity of
radionuclides in water (Bg/m3), in suspended matter (Bg/g), and in the
bottom sediments (Bg/g). As the radionuclides adsorb preferably to
small particles, it is necessary to calculate the activity in each class
of particles.

Radicnuclides adsorbed to solid particles are considered to follow the
particle motion : transport, sedimentation, or resuspension; the global
interaction water/sediment is considered to be +the sum of the
adsortion/desorption processes between the water and each class of
particles. The model developped is a multi-classes model (N classes,
where N is variable), and can be considered as a development
(non-stationnary, distributed, sediment-included) of the model used to
assess the radiological exposure of the population in the Meuse basin
(BAYER, 1982; CEE, 1986)
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Fig.l. River Meuse basin



3. hpplication of the model : routine releases

The model has been applied to the river MEUSE. The geographical
extension of the model covers the french and belgian sections, from the
source (km 0) to km 600. In this particular application, 2 particle
size classes are routed

class 1 : clay + fine silt (diameter < 16 pm);

class 2 : coarse silt + sand (diameter > 16 pm).

Computations have been made to asses the transport of radionuclides
released to the river MEUSE by routine discharges from the nuclear power
plants. During the year 1975, the nuclear power plant SENA located at
CHOOZ (km 473, see fig. 1) has released significant gquantities of
Cs-137 : 12 monthly-averaged values of Cs-137 discharges are available
(see fig. 2). Field data are also available (12 maesurements of Cs-137
activity in bottom sediments at HASTIERE, km 488) from routine surveys
(IHE/CEN, 1965-1983).

A non-stationnary simulation of the year 1975 has been realized : one of
the results is presented at the fig. 3 (activity in bottom sediments at
HASTIERE). Good agreement is obtained between observed and computed
values (please note that the model is data-independant : the field
data's are not used to a calibration or fitting process, but only for
comparison with computed values).
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Fig.2. Cs-137 discharges at the nuclear power plant CHOOZ (km 473)
(year 1975, 12 monthly-averaged values)
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Fig.4. Activity in bottom sediments at HASTIERE (km 488)
(year 1975, computed and measured values)

4, ppplication of the model : accidental release

The model can be used to asses the contamination of a surface-water body
due to an accidental release of radionuclides. The scenario considered
is an accidental release ( 1000 Ci Cs-137 = 37 10E12 Bg ) to the river
MEUSE from the nuclear power plant TIHANGE (km 565), released at a
constant rate during 48 hours.

As the contamination concentration, transport, dispersion,
sedimentation, ... are highly dependant on the river flow, two cases are
considered (see fig. 4 : MEUSE river flow during the year 1986)

- case 1 : release during high flow conditions : the release is assumed
to occur on may 10th and may 1ith, 1986 (river flow : 300 m3/s);
- case 2 : release during low flow conditions : the release is assumed
to occur on august 1st and August 2d, 1986 (river flow : 50 m3/s).
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Fig.4. Meuse river flow (m3/s), year 1986

CASE 1 : The fig. 5 presents the time evolution of the total
contamination of the water (liguid + solid phase) at a point which is
located 50 km downstream; detailed results show that, due to high flow
conditions, no sedimentation occcur (no storage of sediments and of
radionuclides on the river's bed). The transport of Cs-137 by the solid
phase (suspended matter) is more important (66 %) that the transfer of
Cs-137 by the ligquid phase (water) (34 %).

CASE 2 : The fig. 6 presents the time evolution of the total
contamination of the water body (liquid + solid phase) at a point which
is lccated 50 km downstream. The residence time is high (8 to 12 days
to cover a distance of 50 km), the velocity and turbulence are low, so
that sedimentation can occur. The time evolution of the bottom sediment
concentration (g/m2) is presented at the fig. 7 : the sedimentation
rate is positive during july, august and september, so that a large
amount of sediments can be stored on the bed of the river; the flood (on
the 22th october, 1986) induces a complete resuspension and washout
process.

The computed time evolution of the bottom sediments activity is
presented at the fig. 8. The total guantity of radionuclides stored in
the bottom sediments over a distance of 50 km, in the particular
scenario considered, is about 3 % of the total activity released. &
significant fraction of the total activity released can thus be stored
in the bottom sediments over the course of the river from the release
point (TIHANGE, km 565) to the sea (DONGE, km 860).

The computed time evolution of the radionuclide transport by the liguid
phase is presented at the fig. 9; the computed time evolution of the
radionuclide transport by the solid phase (suspended sediments) 1is
presented at the fig. 10. These results show clearly that sediments in
surface water bodies can act as a sink (effectively removing a
significant fraction of the contamination from the water column), can
act as a storage capacity, and also can act as a postponed source (which
generates a second contamination peak a few weeks or a few months after
the accidental release).



ACCIDENTAL RELEASE T0 THE RJVER : 1000 Cl = 37E-12 BO CS-137
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Pig. 6. CASE 2 time evolution of the total contamination (Bag/m3)



ACCIDENTAL RELEASE 7O THE RIVER : 1000 CI = 37E+12 BO CsS-137
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Fig. 7. Bottom sediment concentration (g/m2), year 1986
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Fig. 8. CASE 2 : time evolution of the bottom sediment activity
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2 : radicnuclides transport by the liquid phase

ACCIDENTAL RELEASE TO THE RIVER : 1000 C] = 37E+12 BQ C5-137
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Fig. 10. CASE 2 : radionuclides transport by the solid phase
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