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SUMMARY. The new factors become significant for Chernobyl's contamination's evolution
after 8-̂ 10 years. Those factors was hidden in the early 3-r5 years. It describes the mathemati-
cal model of the radionuclides's migration in the Chernobyl cooling pond, which takes into
account the destruction of the fuel particles. There is, also, some results about the migration
of the 137Cs by groundwater. It was observed the component of the 137Cs contamination with
low sorption's coefficient.

1 MODEL OF THE COOLING POND

Majority of the mathematical models for
the radionuclide's migration in lakes and
ponds, are based on the main principles,
which are common for the many models. It
is need the average annual concentrations
for practice. Thus, we can use simplified
models. The principles for those kinds of
models described next.

It considered 4 forms of radioac-
tive contamination:
1. Solution forms in water; 2. Solution
forms, sorpted on the surface of the solid
particles; 3. Insoluble (solid) forms in the
bottom sediment; 4. Insoluble particles,
suspended in volume of the water. There is
change between radioactive forms. Sorp-
tion and desorption are describes by
Henry's law,- q=Kp, where K is constant
coefficient, q is the concentration in water,

p is the concentration in bottom sediment.
The sedimentation and wind-wave's resus-
pention are describes by the similar way.
In this case, the coefficient K depends
from the wind velocity and from the sea-
son of the year. But its annual value is ap-
proximately constant.

Our model for radionuclide's
migration in the Chernobyl cooling pond
differs from other mathematical models,
that it takes into account the destruction of
the fuel's particles during the time. We
made the special mathematical model for
the particle's destruction. The principles
for model are:

1. There are some clefts in the par-
ticles. The relative area of the clefts de-
pends from the time and from the place in
the particle.



2. The point, where it is cleft, is the
source for the new cleft or for the old
cleft's growing.

3. The direction and the speed of
the cleft's increasing is accidental. The
probability of the different directions are
equal.

4. The fuel's particles are spherical
By these propositions, the process

of the cleft's increasing is the Gaussian
process. It describes like diffusion's law.
The time's dependence for the cleft's sur-
face area describes next:
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where: u- cleft's surface's area, t - time,
r- distance from the particle's centre,
D - coefficient of the particle's destruc-
tion (like diffusion coefficient), r0 - parti-
cle's radius

The destruction of the particles is
the source of soluble radioactive contami-
nation. The flow of the soluble forms from
the grain is:

f = Ja-u(r)-47rr2-dr (2)

where a - the coefficient of the desorp-
tion's speed.
The model for the concentration's depend-
ence from the time is:

dq

dt

dt

- F - q + f-QN

W + K-5-S

= - ^ Q N - f - Q N

(3)

where: q - radioactivity's concentration in
water, QN - total insoluble radioactivity,

W - volume of the pond, S - area of the
bottom, 5 - thickness of the exchangeable
layer of the bottom sediment, F - flow of
the water from the pond into the Pripjat
river, X - decay constant.
Result of the calculation and measured
values are in the figure 1. It is increase the

Sr concentration in water during two
years. Then begins decreasing of the con-
centration. But for 137Cs it is the monoto-
nous decrease of the concentration in wa-
ter. It is by our model and by measuring.
The difference between ^Sr and 137Cs be-
haviour is due to the condensed part of the
137Cs. At the beginning, ^Sr was in the
fuel's particles. But portion of the I37Cs
was the vapour, because the l37Cs is origin
from gas L Xe.
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FIG. 1. The annual concentrations of
and 137Cs in pond's water.

onSr



The results of model's calculation
of the annual concentration of the 137Cs
and 90Sr in water coincide with measure-
ment's results in less then 20 %. Result of
this work shows, that the main process,
which determine the time dependence of
the annual concentration of the radionu-
clides in Chernobyl cooling pond, is the
destruction of the fuel's particles.

2. MIGRATION OF THE 137Cs IN
GROUNDWATER.

In the second part of the paper
there is result of the investigation B Cs
migration in groundwater. The investiga-
tion was made with the physical model of
the filtration's section of the water layer.
Mock-up is the 7 successive filter sections
with sample ground (sand). Thus, we could
see the change of the 137Cs distribution in 6
points.

The similarity of the physical-
chemical simulation and real process was
secured with the next. The water for ex-
periments was taken from water layer near
"Red Forest" (in Chernobyl region). The
cleanly and contaminated sands was taken
near "Red Forest" from 6.5m. and from
1.5m. depth. Thus, it was the real Cherno-
byl's ground's contamination. The speed of
the filtrated water in our experiments was
less then 5 10"3 sm./s.

The investigation was made with
mathematical's modelling. The nitration's
process was described with Nutzman's
model.

D V - (4)

where Vf - speed of the filtrated water, D -
the diffusion's coefficient in the ground
water.

The parameters was obtained from
experiment's results with non-linear
method of "minimum square".

As result it was obtained. There are
two fraction of the 137Cs contamination in
the "Red Forest's" groundwater. One frac-

tion has a big sorption coefficient, like in
investigations in many other publications.
Thus, this fraction moves very slow. The
other fraction moves quickly. But it's con-
centration was very small. Results are in
the table 1.

TABLE 1. MIGRATION'S PARAME-
TERS FOR 137Cs IN GROUNDWATER.

K" of the
distribution

K of the slow
down (ml/g)
D(gz/sm4)

slow
0.036+0.015

540±50

970+.100

speed
6.4" 10"5 *
1.110"4

3.0-^7.0

Comment: K is the ratio of the concentra-
tion of the mobile fraction at the co-
ordinate's beginning to the full contami-
nation at the co-ordinate's beginning.

3. CONCLUSION

Results of this work shows, that the main
process, which determines the radiation
state of the surface water is the slow de-
struction of the insoluble particles. The
most of the particles are in the bottom
sediment. That explains the failures of the
attempt's of the decontamination of the
little lakes and ponds near Chernobyl.

There is not clearly about the influ-
ence of the speed fraction of the 137Cs in
groundwater on the radiation state of the
Chernobyl region. The part of the speed
component is about 10 . But the compo-
nents of 137Cs contamination, which has
the big sorption's coefficient, converts
slowly into the "speed form" during the
time. It is unknown, is it possible the op-
posite process. May be, the "speed frac-
tion" is the factor of the additional "self-
cleaning" of the groundwater. But may be,
it is a factor of the additional risk.


