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ABSTRACT

The mathematical code for evaluation of external gamma-radiation dose rate in
three-dimentional geometry on the basis of Monte-Carlo method was developed and
realized. Using this code the results, which can be applied in practice were obtained. The
dose rate estimations in radioactive forest for different gamma-emitters allow to work out
the safest scenario of forest harvesting work in the contaminated territories from a point of
view of the radioactive protection of staff.
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INTRODUCTION

As a result of Chernobyl nuclear power plant accident with the reactor core destruction large
amount of radionuclides formed in the reactor during its operation was released.

The fallout covered about a quarter of territory ofthe Republic of Belarus. The contaminated
forest area is approximately 17,000 km2,12 % of which has the level of contamination from 15 to 40
Ci/km2; 1.7 % - more than 40 Ci/km2 (1). This situation has led to reduction of raw material stock and
forest reprocessing in the Republic. Therefore the study of possible valorization ofthe forests which are
located in the contaminated territories is very important

At present, in the framework of the National Program on elimination of consequences ofthe
Chernobyl accident the special technologies and equipment are developed that will allow to reduce the
financial, social and ecological damages caused by this accident It is necessary to note that risk
assessment of additional irradiation dose (technogenic dose) for professionals and evaluation of
economic outcome of wood valorization give the necessary data to proceed to actual remediation and
appropriate management of contaminated forests.

The analysis of evolution of contaminated forest environment and corresponding long-term
prediction of exposure dose in Belarus forests gives a base for justification ofthe concept of forestry in
the Chernobyl zone.

Justification of Forest Harvesting Strategy on the Basis of Numeral
Modelling Method

For the years passed after ̂ .the Chernobyl NPP accident the forms of radioactive fallout
components have been modified and their migratory ability increased. Nevertheless 80-85 % of
radioactivity are still concentrated in the forest litter. Other 8-12 % and 5-7% of radioactivity are
concentrated in the soil mineral layer at a depth of 1-3 cm and in forest phytocenosis respectively a ) .

The investigations of wood trunk of different tree species, growing up in condition of
contamination that ranged from 3 to 900 Ci/km2, demonstrate the presence of radionuclides inside the
whole trunk. However, the radionuclides' content in bark and phloem is by a factor of ten higher than
this in wood. Today the wood specific activity (in pine-tree, birch, oak) does not exceed 1 10"* Ci/kg
(for industrial production it can be till 5 10*7 Ci/kg) at the soil contamination density till 40 Ci/km2 O).
Therefore it is possible to use this forest for making of business wood.
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Therefore, the realization of the remediation and wood reprocessing technologies should be
accompanied by evaluation of the ratio between cost of risk connected with additional external dose for
the staff and economic effect of wood valorization, hi order to receive more accurate information about
effective dose obtained by the forestry personnel involved in felling of forest or in decontamination
activity, the complex estimation and prediction of radiological conditions in contaminated forest with
due account of evolution of biocenosis should be carried out.

For this purpose the model based on the Monte-Carlo method was developed and three-
dimentional program "FOREST" was compiled. The model reflects the relations between rate of
irradiation and conditions of work, and allows to estimate effective dose on the forestry crews depending
on type of equipment used, its productivity, method of forest harvesting and contamination level(3).

The following operational conditions for forest harvesting equipment were analyzed at various
level of activity of wood stand (Af) and litter (Ai):

Soil and wood are contaminated (Table I, version 1-4);
only sail is contaminated (Table I, version 5);
only forest is contaminated (Table I, version 6);
soil in the open area without forest is contaminated (Table I, version 7);
planting density, n (Table II).

Table I.
Absorbed Dose Depending on Activity of Main Dose

Components of Forest, nSv/s.

Version JVs
1
2
3
4

5
6
7

Au Ci/km2 / Af, Ci/kg
15 / 10-7

25 / lO'7

40 / lO"6

100/5 1&6

25/0
0/10^

25

P, nSv/s
0.44
0.72
1.22
2.94

0.69
0.03
1.07

Table II.
Dependence of Dose Rate on Planting Density, nSv/s.

Planting density,
relative units

0.00
0.25
0.50
0.75
1.00

P, nSv/s

0.9
0.66
0.55
0.65
0.72

The results of calculation (see some examples in Table I) showed the essential difference between
an exposure dose rate in the forest and that in the open area. This is evident effect of shielding of
irradiation from soil by the forest. Therefore, the doses received by the crews depend also on the
operational mode of forest harvesting. It is also obvious that the type and productivity of forest
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harvesting equipment is important. Moreover, the irradiation background from the containers depending
on activity of its content was calculated (Table III).

Table III.
Dose Rate of Gamma-Radiation from Containers

with Radioactive Materials, nSv/s.

Af, Ci/kg / Ai, Ci/km2

Side wall of container
Content:
logs, bark, knots
litter
At 1 m distance from container
Content:
logs, hark, knots
litter

10"7/25

0.02
2.84

0.05
1.28

10^/40

0.31
4.59

0.13
2.07

lO'VlOO

4.95
11.66

2.39
5.32

On the basis of these calculations a set of feasible methods of organizing and carrying out
forestry work was formulated. Forest harvesting is modelled within a framework of two scenarios:

the crews operate for the long time with fixed contamination conditions;
the crews operate within zones with various contamination levels.

The data analysis showed, that it is possible to carry out the same volume of work with more
simple level of protection by means ofapplicationofthe second scenario of forest harvesting, which
would be based on alteration of irradiation conditions. The investigations (Table IV) showed that
irradiation of the machines depends essencially on ratio between productivity of different equipment.

Table IV.
Average Gamma-Radiation Dose Rate from Radioactive Fallout Affecting the Equipment versus

Various Methods of Clearing and the Conditions of Operation, nSv/s.

Method of
clearing

Frontal
felling

Felling
from the
centre

Felling to
the centre

Productivity

Balanced
Unbalanced

Balanced
Unbalanced

Balanced
Unbalanced

For all conditions

Class of
machines

1-3
1
2
3

1-3
1
2
3

1-3
1
2
3
4

Variant of contamination,
Ai (Ci/km2)/Af (Ci/kg)

40/10"7

1.06
2.20
2.56
1.28
1.11
1.50
2.56
1.61
1.14
2.14
2.56
1.53
0.25

500/10"*
8.56
18.99
22.32
12.59
9.00
18.46
21.57
12.18
10.00
18.15
21.60
12.73
2.34

IOOO/IO-6

15.99
34.81
41.45
24.74
17.07
34.25
39.28
23.80
19.02
33.78
39.06
24.94
6.09

Note: Class of machines: 1 - forest felling machines; 2 - processing techniques and timber loaders; 3 -
machines for litter collection; 4 - transport containers.
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I: ,i connected with possible ratio between dose rate from above-ground phytocenosis and this from
ground area and conditioned on a degree of screening by wood and on an extent of forest clearing. At
the balanced tactics of harvesting, i.e. when different machines operate all together with the same
productivity (e.g., when productivity of the timber loaders corresponds to that of the forest felling ones)
tke external doses are essentially lower than in a case, when all machines operate separately and with
different productivity (unbalanced productivity, e.g., when the forest felling machines move first, then
r essing techniques operate, and later on the machines for litter collecting are applied).

Within the scope of each tactic different methods of forest clearing were considered:
frontal felling, when operations are carried out from the border without moving into
the forest;
felling inside the forest with movement from the sides to the centre;
felling with movement from the centre to the sides.

The results of calculation demonstrated that the doses and, therefore, a level of protection being
ssightly dependent on variant of forest clearing, and thus, all variants can be considered as equivalent
with due of uncertainty of the initial data (Table IV).

The required level of protection of forestry equipment operators against gamma-radiation was
evaluated. The scenario and the extend of balancing are the factors determining these reqirements. On
tbe base of calculated data estimation of possible variants of design decision and evaluation of mass of
shielding material for the complex of machines were performed. These data show that in actual
condition the dose rate is distributed unevenly along the angle(3). The contribution of gamma-radiation
emanating from the upper half-space is approximately one third of that from the lower one (Table V).

Table V.
Gamma-Radiation Dose Rate, P, from Radioactive Fallout, nSv/s.

Version
.N2.

1
2
3
4

Al/Af
Ci/km2 / Ci/kg

15/10-7

25/10-7

40/10-6

100/5 10'5

Contribution of gamma-
radiation emanating from

upper half-space
0.10
0.17
0.30
0.73

Contribution of gamma-radiation
emanaring from lower half-space

0.34
0.55
0.92
2.21

It allows to differentiate the protection design correspondingly. Besides, the irradiation for
operators of litter collection machines and of transport machine for containers is defined mainly by
irradiation from storage bin of containers, hence the protection ensures by application of a single
element screening the dangerous direction. The determination of actual irradiation condition for each
type of forestry machines allows to reduce the mass of protection owing to more rational utilization of
shielding materials(4).

CONCLUSION

The analysis of conditions of forest felling and recovery operation showed that the productivity
ratio and harvesting scenario considerably influence the exposure dose for forestry personnel. In actual
condition various correlation of productivity of harvesting are applied, and proposed modelling gives an
actual dose rate corresponding to every productivity ratio. The method of forest clearing at considered
condition slightly influence the dose received by personnel, and thus, while determining a level of
protection it may not be taken into account.

The study demonstrated that complete information about the contaminated areas and supposed
productivity ratio of different types of machines is necessary to provide the protection level
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requirements. The methodical model which allow to evaluate an external dose for the forestt > na. •>
operators was developed. It define a dependence between ecternal dose and type of equipment
productivity, clearing scenario, felling area, contamination level and other characteristics
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