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ABSTRACT .

The study addresses the issue of wJ*aTfc impact the forthcoming
regulations derived from ICRP 60 recommendations^, will have on
radiological protection practices. A questionnaire has been sent to
companies carrying out tasks involving exposures to ionising
radiation. 55 companies reported the exposures of their personnel
(annual collective effective dose equivalent and distribution of
individual doses). The reference year is 1991. Results were obtained
for a total of 43789 workers, with a corresponding collective dose
equivalent of 96 man. Sv and 1100 persons with individual dose in
excess of 20 mSv (1800 in excess of 15 mSv) . The major part of
collective, as well as the higher individual exposures are found in
subcontract companies involved in maintenance, cleaning and
specialized tasks during reactor shutdown. Based on this inquiry,
results have been extrapolated to the whole nuclear fuel cycle.
68000 workers are estimated to be exposed, with a total collective
dose of 160 man.Sv. Among them 2200 workers would be exposed to dose
equivalent in excess of 20 mSv, 3400 in excess of 15 mSv. Even if
higher doses concern few people, they are associated with important
tasks at particular steps of the fuel cycle. In the questionnaire,
companies were asked for ways and means envisaged or already in use
to keep these doses within present or tighter regulatory limits.
Some account of the efforts to achieve this goal will be given.

INTRODUCTION

A survey has been conducted in France, in order to know the dose
distribution in the nuclear industry with a special view to
appreciate the potential impact of ICRP 60 forthcoming
recommendations on radiation protection practices. The need for a
survey among the companies arises from the lack of a national file
on exposures (D . The survey also aimed at a better assessment of the
workforce and its distribution within the various industrial
activities.

MATERIAL AND METHODS

A questionnaire was sent to the companies involved in the nuclear
cycle, requesting information on the type of work performed, the
work force and the doses (Table I) . A qualitative part detailed
problems encountered or envisaged for the future in radiation
protection management.

The survey addressed the civil nuclear industry. Therefore were
included not only the operators of the fuel cycle (from mining to
electjitity generation and reprocessing activities), but also
research on the fuel cycle and contractors specialized in the
maintenance of and intervention on nuclear installations. The



following activities were excluded : non specialized contractors
although working in nuclear installations, non nuclear industrial
activities, medical and military applications. The rationale for
excluding the non specialized contractors (e.g. conventional
cleaning, heating,...) is partly due to the number of companies that
are involved (hundreds). However according to other sources of
information they do not contribute much to the collective dose, nor
do they involve high individual exposures (2)(3)_

Table I : Main items of the questionnaire

• Name of the firm and branch of activity

• Exposed workforce during the specified year (1991)

• Annual collective exposure (external and total dose)

• Number of workers with exposures over 15 and 20 mSv

• Number of workers above 100 mSv on five years.

RESULTS OF THE SURVEY (Table II)

55 companies answered in 1991(note that electricity utilities
correspond in France to a unique national company). The
corresponding work force is 43789 and the corresponding annual
collective effective dose equivalent is 96 man.Sv. Not all companies
answered all questions. The annual dose from external exposures was
always provided. The five years average dose and the total dose
(internal+external) were not always mentioned. However the total
dose was available for activities with a high probability of
internal exposures (e.g. mining, fuel fabrication).

Table II : Occupational annual exposures over 15 and 20 mSv

(survey

Activity

Operators of the fuel
Mining
Enrichment
Fuel fabrication
Power reactors
Reprocessing
Wastes
Research
Total

Main contractors
Mechanics
Control
Decontamination
Preparation of works
Insulation
All contractors2

data)

workforce

cycle
1214
2370
1375

16210
4386
503

10250
36308

1657
1014
813

2238
342
7481

Doses over

workers

339
0

76
231
n.a.1

0
5

651

343
109
256
351
91

1165

15 mSv

%

28%
0
6%
1%

0%
<1%
2%

21%
11%
31%
16%
27%
16%

Doses over

workers

188
0

30
99
2
0
0

319

223
50
187
249
79
793

20 mSv

%

15%
0%
2%

<1%
<1%
0%
0%
1%

13%
5%

23%
11%
23%
23%

1 : not available 2 : including other miscellaneous activities (electrical work, surveillance,...)

In the sample 1112 persons are over 20 mSv, 1816 over 15 mSv. These
overall percentages are low, but the situation is highly contrasted
depending on the activity (Table II).



ASSESSMENT OF NATIONAL FIGURES

To discuss the representativeness of the sample three sources can be
used : a previous survey made by CEPN'2' five years ago, studies by
the operators on the doses associated with various tasks, and above
all the results of the dosimetric monitoring made by
operators'3' ̂ 4' '5' • The monitoring systems encompass all the doses,
including contractors, that are taken on the sites and provide the
total collective dose. One system covers the CEA and COGEMA sites
(eg :. research and reprocessing, by means of film monitoring),
another covers the power reactor sites (with electronic operational
dosimetry) . With these systems individual doses among contractors
cannot be precisely known because workers may move from one sector
to another (e.g. from reactor site to reprocessing plant).

From the previous sources it is possible to confirm the activities
in which there is a high percentage of the workforce above 20 mSv,
and to know the total collective dose in the nuclear industry, that
is 160 man. Sv. The dose coverage is therefore 60%. We can assume
with confidence that the survey gives a full account of the doses
and workforce for the fuel cycle operators. The key problem lies in
the contractors representativeness. It is around 40% on the basis of
the collective dose. It is much lower when looking at the workforce.
The utility company in 1993 records 27000 persons in its operational
dosimetry system (20000 in 1992, this same figure also mentioned in
the CEPN study'2')• However it overestimates the annual workforce
because each person once recorded is kept in the file permanently.
An underestimate is given by the number of people with non zero
operational dosimetry (close to 15000 in 1993, the data for the
1991 survey period were unavailable) . In the research and fuel cycle
industry, the annual number for contractors is about 15000. The
coverage of the survey with respect to the workforce lies therefore
between 25 and 15%. But it was not intended to be 100% because non
specialized contractors were excluded.

On the basis of all those data, tentative estimates of the exposures
in the nuclear industry have been made (Table III) . The total
workforce is 67710 people and about 2200 would be exposed at more
than 20 mSv. The largest uncertainty in workforce estimates is
linked with contractors at reactor sites, but it is necessarily
below 9000 people. It must be said that the operational dosimetry of
the utility company allowed to identify 1200 people above 20 mSv
among contractors in 1992, while the estimated figure is here 1890.
The difference may be due either to an overestimate on our side or
to the fact that some workers received a part of their dose outside
nuclear power plants.

So about 68000 persons are occupationally exposed in the French
nuclear industry (excluding transport, medical and military
applications, industrial uses of radioactivity such as food
irradiation and industrial radiography). This number does not
account for the non specialized contractors on the reactor sites
whose classic type maintenance activities may involve exposures
albeit low. It can therefore be considered rather an underestimate.



Table III : Distribution of doses in the French nuclear industry

exposed
workers

collective
dose

(man.Sv)

number
workers
d > 15

of
with
mSv

number
workers
d > 20

of
with
mSv

Electricity generation
Utility (EDF) 16210 29.0 231
Contractors = 16000 102.0 = 2790

Mining 1214 13.2 339
Others including research
Operators 19286 9.9 89
Contractors 15000 O1O 39

99

= 1890

168

32
21

Total 67710 160 3483 2230

CONCLUSIONS

The survey and the associated analysis provided basic data for the
nuclear industry (collective dose, workforce and people above 20
mSv) . As regards the question of the application of ICRP 60, it is
clear that the overall number of people exposed above 20 mSv is low,
and it is still lower for the limit of 100 mSv on five years.
Compliance is not a major problem at this scale.

However there is a great variety between the sources of exposure :
Mines and fuel fabrication are sensible activities, although the
changes in effective dose associated to radon will modify this
point. More important is the fact that most of the workforce above
20 mSv is found among contractors on power reactors, and in very
specialized tasks. With about 23% of the workforce exposed above 20
mSv, decontamination and work on thermal insulation are activities
which will deserve an important effort. In the latter case, simple
changes in design might alleviate the problem. Aise a matter of
concern is the second group of mechanical work and preparation to
maintenance or intervention, with 11 to 15%.
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