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ABSTRACT

The requirements of the optimization component of the system of dose
limitation establishes that planning, designing, using or operating sources
and practices at any level of the nuclear fuel cycle or outside of it shall
be performed in such a manner that exposures are as low as reasonably achieva-
ble, economic and social factor being taken into account.

Statistical criteria t<\> quarantee same aspects of the packaging and
transport process of the low- and intermediate-lewvel radiocactive wastes are
proposed and discussed.

INTRODUCTION

Until the final repository is available waste producers are required
to package their wastes (where necessary) and to store them. It is essential
that the packaging meets the requirements for eventual transport, handling
and disposal as well as those for long term storage. ‘ .

The requlations concerning the transport of waste in Brazil which re-
late to the radioactive nature of the material are all based on the Interna-
tional Atomic Energy Agency (IREA) Requlations for the Safe Transport of Radio
active Material (") | e TAFA requlations aim to protect the public and trans-
port workers. This is to be achieved by ensuring adequate containment of the
radiocactive material, controlling the external radiation level and assuring
the “tesipation of any heat generated, and for fissible materials, ensuring
the prevention of criticallity.

These requirements are realized by the specification of an adequate
level of packaging, appropriate to the quantity and nature of the radioactive
material to be transported. The intention is to allow the package to be dealt
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with by the carrier, as far as possible, in the same way as any other poten-
tially hazardous goods in tramsit.

Packages must conform with general transport requirements and also pass
a nurber of tests designed to simulate nommal transport conditions, including
minor accidents. ‘The nature of these tests depends upon the package contents,
but may include a short free drop onto an unyielding surface, a stacking test,
a water spray test and a penetration test. Severe restrictions on the loss of
radioactive material and shielding following these tests are imposed.

In order to guarantee a low risk level of accident and a minimal radi-
ation exposure to transport wozkeis and to the general public the IAEA stand-
ard restricts the maximm activity content of the package as well the surface
radiation level. Assurance of these properties for the packaged wastes will
form an essential component of a quality assurance program.

However, to be sure that those critical values are not exceded defined
statistical criteria have to be applied. Discussions are made concerning the
highest activity content of the package, the highest surface radiation level
and their relationship with the shielding design.

STATISTICAL CRITERTA

The discussions and evaluations which follows are based on the assump-
tion that the measurements of the activity of sources (A) and the radiation
level (%) at the surface of the waste packages obey a normal distribution, that
is, its density function is given by

£(x) = exp [~ (x-w)2/2 02] (1
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where x is the quantity measured, u its mean and o2 its variance. Also will be
assumed that o2 include all kind of errors which could affect the observed
value. Thus, o/u represents the fractional standard deviation which is relat-
ed to the equipment accuracy.

The basic problem of test a hypothesis u < u,, where u; is a given
value, is to find a rejection region with a significance level « chosen in
advance.

«335.




Ppplying statistical tests relative to the normal distribution‘? for
the hypothesis u < u, results in a confidence region given by

H = Ho
— ‘ (2)

a/"x? b

where Z, is the upper 100 o % point of the standard normal distribution and n
is the size of a random sample of the measured quantity.

From this relation it is possible to deduce that

n 1
/¥

u a

(3)

if the test hypothesis is to be observed.

This statistical property of distributions is shown in figure 1 where
curves for three values of accuracy are displayed. All of them  have
2 x 1072 TBg (~500 mCi) as their 95% upper level of confidence interval. Thus,
depending of the accuracy of the measurement equipment available the maximum
activity allowed to be packaged, in order to comply with the IAEA  standards
within a confidence level, is reduced. '

In figure 2 is shown the activity fractions permitted to be packaged
according the equipment accuracy and the accepted oonfidence‘ interval. ‘That
figure is useful for any radioisotcpe with maximum activity per package equal

For those waste packages which complies with the activity limits the
next question is concemed with the transport index and the surface radiation
level. The same kind of curves applies to decide which maximum surface radia-
tion lewvel is allowed for a package, with a given oonfidence interval, and
for a given equipment accuracy. For that purpose the ordinate represents
x/xMAX and the abscissa og/X the fractional accuracy of the surface radiation
level measurement.

During the shielding design the maximum activity content and surface
radiation level as well the transport index of the waste package are corre-
lated. This happens in such a way that those statistical aspects discussed
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Figure 1 - Probability density functions for radium
sources of 500 mCi measured with differ
ent equipment accuracies
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Figure 2 - Activity fractions or exposure frations
as function of equipment accuracy and
confidence interval i
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here concerning the accuracy of measurement equipments attainable or available
have to be taken into consideration if economic and social factor are taken
into account.

CONCLUDING REMARKS

In order to comply with the safety regulations for packaging and trans
port of radicactive materials careful design of packages and measurements sup-
ported by statistical criteria have to be applied.

The statistical criteria presented here will in turn form an integral
part of the quality assurance and checking program to guarantee both compli~-
ance with regqulatory standards and a safe and efficient operation.
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