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INTRODUCTION

In the case of postulated accidents in nuclear faci-
lities the Radiation Protection Ordinance of the F.R.G.
demands sufficient protection of the public by technical
design of the plant. Thus the worst case individual an-
nual dose shall be kept within the given accident dose
limits of 50, 150 and 300 mSv for total body, thyroid
and bone respectively. These limits comprise all exposure
pathways including the exposure via ingestion of contami-
nated food.

In order to achieve compliance with these demands,a
practical methodology for the assessment of radiological
impacts caused by postulated accidents has been developed.
Thereby special attention is paid to the conservatism of
its assumptions and its compatibility with the methodolo-
gy of routine releases according to the existing regula-
tions (1).

DOSE CONCEPT

The judgement of accidental releases concentrates
on the radiological consequences of short-term emissions.
Consequently the accident dose methodology is based on
the concept of the committed environmental dose. Due to
the equivalence between equilibrium dose and dose commit-
ment based on the same boundary conditions (2), (3), (4),
the calculated committed dose can directly be compared
with the dose limits given as maximum annual doses in the
German Radiation Protection Ordinance.

For the purpose of dose assessment it is significant
to base the calculations on the three-compartment scheme
of the ecosphere shown in fig. 1. Then ore transfer func-
tion for each compartment can be defined which is deter-
mined by its output to input ratio. Due to the time de-
pendence of the release rate in the case of an accident,
the radionuclides undergo a time dependent transfer in
the environment. Thus each of the transfer functions is
also principally determined by the time dependence of
the release rate. However, as our investigations concer-
ning the nuclide dynamic in the environment have proved

This paper was sponsored by the Federal Ministry of the
Interior of the F.R.G. under contract number St.Sch. 687

347



(5), the time dependence of the different ecosystems "at-
mosphere", "biosphere" and "man" can be temporally de-
coupled. Hence, each of the corresponding transfer func-
tions A, B und D can now be determined irrespective of the
time dependence of the output of the donor compartment as
a peak response.
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fig. 1

Due to this procedure the gommitted environmental
dose for all exposure pathways"i"is now generally given
by the following simplified formula

Hgg = By Bggry Dgg)y Q (]

where A is the atmospheric dispersion or deposition fac-
tor, B the transfer factor for the biosphere, D the dose
conversion factor and Q the accidental source strength.

The dosimetric models on which the determination of-
the different transfer factors in equation [1] is based,
are explained in more detail in (5).

DISCUSSION OF THE MODELS

The meteorological dispersion and deposition fac-
tors (A) represent the most unfavourable weather condi-
tions, e.g. pessimistic wind velocities, high precipita-
tion rates, etc., and thus lead to an upper limit of air
and ground contamination.

According to the conclusions in (5) all dose conver
sion factors (D) derived for continuous releases can be
applied to short-term releases as well.

In the case of external irradiation from the cloud
or from the contaminated ground, the dose conversion fac-
tors are in fact "dose rate conversion factors" being de-
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fined as dose rate to air concentration ratio, and thus
do not depend on the type of releases.

For internal irradiation {(inhalation and ingestion)
the applicability of the dose conversion factors for con-
tinuous releases to short-term releases is due to the equi-
valence between the committed dose and the equilibrium
dose concept.

The use of the proposed biosphere transfer factors
(B} results in conservative doses for the corresponding
exposure pathways.

This is valid for the inhalation exposure, particu-
larly caused by the conservative assumptions for the re-
spiration rates. In case of resuspension being considered,
this causes an additional contribution to the conservatism
of the dose.

For y-ground irradiation the model represents the
dose of a person exposed for 50 years on contaminated
paved surface. Possible shielding or wash-off effects are
neglected. This neglection causes an overestimation of the
dose up to a factor of 7 (5).

In the case of ingestion there are various simpli-
fying assumptions which give rise to different systematic
errors in dose calculation. So the temporal decoupling of
the compartments in fig. 1 may cause systematic underesti-
mation of the dose up to 90 % (factor 10). Moreover the
soil contamination for the milk and beef pathway may be
underestimated up to 50 % (factor 2). The remaining assump-
tions, i.e. using soil-plant transfer factors for con-
tinuous instead of short-term releases with no distinction
between vegetation period and the rest of the year, and
the application of pessimistic consumption rates for the
different food pathways result in reasonable overestima-
tions of the dose between a factor of about 3 to 11. Hence
the overall overestimation is a factor of 2 to 10.

This systematic error is valid only for activity up-
take via root transfer. For the consumption of food di-
rectly contaminated by the deposition of radionuclides on
the above surface parts of the vegetation, the systematic
error is considerably smaller. Thus, due to the domina-
ting importance of the latter type of contamination, the
total overestimation of the ingestion dose does not ex-
ceed a factor of 3.

If one assumes administrative preclusion of food
consumption after an accident, the calculable ingestion
dose would then be reduced to values between 60 % for Sr
90 and 0,03 % for I 131 compared to the case without any
restrictions.

CONCLUSIONS

The proposed methodology for dose assessments in the
case of postulated accidents shows compliance with the
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F.R.G. Radiation Protection Ordinance and has the follo-
wing main characteristics

1) Due to the equivalence between the committed dose
concept and the concept of equilibrium dose, the
methodology shows sufficient compatibility with
that for routine releases. This is valid not only
for the dose calculation, i.e. the total eco-
system but also for each subsystem in the eco-
sphere. Therefore both the routine and the acci-
dent calculations can be based on the same eco-
logical data and dose conversion factors.

2) The dose calculations for postulated accidents
based on the ecological parameters which are de-
termined for the equilibrium case result in con-
servative assessments.

3) The determination of one transfer function for
each compartment ("atmosphere", "biosphere" and
"man") supplies theoretical measures, which part-
ly offer the opportunity of direct validation of
the corresponding model by measurements follo-
wing accidental releases.

4) For a planning engineer these measures, calcula-
ted and fixed beforehand, enhance the practicabi-
lity of the methodology as a tool in decision-
making. Using these measures dose assessments
become simple and feasible without deeling with
the radiological problems being involved.

5) The methodology results in considerable reduc-
tion of the computational efforts.
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