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1)

2)

3)

NOTES

Where the term "dose equivalent" (rem) would be more
correct, nonetheless, for brevity, the expression "dose"
is used throughout.

The term "Dose Limit" (with capital letters as shown)
refers to limitation of the exposure of members of the
public as recommended by ICRP.

The use of the units "rem" and "curie" in lieu of the new
units "sievert" and "becquerel" respectively arrises from
the fact that the documentation to which this report

refers uses the former units.






PREFACE

In october 1974, the Commission of the European Comnmunities
organized a meeting of representatives of competent authorities
and the nuclear power plant operators (UNIPEDE) on the
methods used to determine limits for the discharge of effluents
from nuclear power plants in Member States. At this meeting,
the discussion concentrated mainly on discharge authorization
procedures and, to a lesser extent, on actual discharge
limits.

In april 1977, the Commission*)organized a further
meeting, this time with representatives of the competent
authorities and of the Group of Experts appointed under
Article 37 of the Euratom Treaty (see Appendix), on the
generzally applicable limits for effluent control and operational
discharge limits applied in Member States to nuclear installations.

The aim of the meeting was to create a better mutual under-
standing in this field with a view ultimately to harmonizing
the different approaches used in the various countries to

implement the ICRP principle of "as low as reasonably achievable".

Part 1 of this report surveys and compares the generally

applicable limits for effluent control in Member States of

the European Communities, in the USA, and in some other
countries. These limits can be expressed either as dose

limits, representing a small fraction of the ICRP Dose

Limits, or as activity discharge limits, wvalid for a particular
category of nuclear installations. This part of the report

was prepared by the National Radiological Protection Board
(U.K.) and was amended slightly as a result of the 1977 meeting.

Part 2 summarizes the information resulting from this
meeting, as subsequently revised by the participants, as to
how operational limits applying directly to particular
plants are derived from the aforesaid general limits and

implemented. Finally some conclusions are drawn.

It is hoped that the report will serve as a possible
step towards the stated object of ultimate harmonization.

*) DG V, Health and Safety Directorate in collaboration with

DG XII, Directorate for Research, Development and Nuclear
Policy.
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1.

1,1.

General limits applied to the control of radioactive effluents
from nuclear installations

Introduction

The revised Basic Safety Standards for the health
protection of the general public and workers against the
dangers of ionizing radiation, issued under the Council
Directive of 1 June 1976 (1) which is required to be implement-
ed by all Member States of the European Communities, require
that, for controllable sources of exposure of members of the
public, the exposure and the number of persons exposed to
ionizing radiation must be kept as low as is reasonably
practicable and that the doses received must not, in any
event, exceed stated dose limits. No attempt is made in the
Directive, however, nor indeed in the current recommen-
dations of the International Commission on Radiological
Protection (ICRP), which form the basis of the Directive, to
allocate any fraction of the dose limits to a particular
practice, although the Directive, in line with ICRP recommen-
dations, does lay down a more restrictive limit for the
genetic dose, from all sources, to the population* and ICRP
stress that no single type of population exposure should
take up a disproportionate share of the total. L_ICRP in its
Publication 9 (2) state that "the way in which this is done will
depend upon circumstances which may vary from country to
country, and will be determined by national, economic and

social considerations". /

In several European countries, and in the USA, generally
applicable numerical limits are being used, or will shortly
be introduced to control the exposure of individuals and, in
some cases, populations, arising from discharges of radio-
active materials from nuclear installations. This part of
the report surveys and compares the general standards presently
applied or proposed for the control of effluents, in the
Member States of the European Community and in some other countries.

* The genetic dose to the population is defined in the Directive
as "the dose which, if it were received by each person from
conception to the mean age of childbearing,would result in the
same genetic burden to the whole population as do the actual
doses received by the individuals of the population".



1.2. Radiological protection standards

Recommendations on basic standards for radiological
protection are made by ICRP. Their currently recommended
system of dose limitation is based on three fundamental
principles:

1. JUSTIFICATION of activities which involve human radiation
exposure

2. OPTIMIZATION of radiological protection arrangements, ie,
maintaining exposures as low as is reasonably achievable,
economic and social considerations being taken into

account

3. COMPLIANCE with appropriate dose limits

In considering the recommendations of ICRP, national
authorities, or perhaps the authorities from a group of
countries, as in the case of the European Communities, decide,
taking into account political, economic, social and scientific
factors, whether the system of dose limitation and the nu-
merical values recommanded by ICRP are appropriate to their

individual circumstances.

In the case of exposure of the general public, ICRP in
its Publication 9 (2) state that the genetic dose to the
population should certainly not exceed 5 rem over a period
of 30 years (approx. 170 mrem/a) from all sources other than
natural background and medical irradiation. In &addition,

Dose Limits for individual members of the public are specified
as follows:

Whole body, gonads, 0.5 rem/a
red bone-marrow;

Skin, bone, adult 3 rem/a
thyroid;

Child thyroid 1.5 rem/a

(less than 16 years of age);

Hands, forearms, 7.5 rem/a
feet, ankles;

Other organs; 1.5 rem/a
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It should perhaps be pointed out that the concept
attached to these Dose Limits by ICRP permits the limits to
be applied to the mean dose to members of an established
critical group and not necessarily to the most exposed
individual. This implies that some members of the critical
group may receive doses exceeding the Limits.

It should be mentioned, however, that in its recent
Publication 26 (2), the ICRP recommendations have been
changed substantially. For organs for which non-stochastic
effects are limiting, a Dose Limit of 5 rem/a* is recommended
for members of the public. For stochastic effects, the risks
should be equalized for uniform and non-uniform irradiation
of the body. Weighting factors have, therefore, been assigned
to the various individual organs, relative to the whole
body. These weighting factors are to be applied to the doses
calculated for each individual organ; the sum of the weighted
doses must not exceed the whole body Dose Limit of 0.5 rem/a
for members of the public. For the genetic exposure of the
population there are no longer any limits proposed.

It will be some time before these new recommendations
will be incorporated in the Basic Safety Standards and
subsequently appear in the national legislations. The
implications of these changes are not, therefore, of any
immediate significance to the present report, the more so
since discharge limits in general imply significantly lower

doses than the limits recommended by ICRP.

Radiological limitations for effluent control in the

countries considered

In addition to the nine Member States of the European
Communities, the countries considered in this report are
Switzerland, the United States, and collectively those
countries, which along with Denmark, form the Nordic group,
viz. Finland, Iceland, Norway and Sweden.

* exceptionally 3 rem/a for the lens of the eye.



The cystems of radiological limitation used, or currently
proposed, for the control of effluents vary significantly
from country to country and are not in most cases directly
comparable. Some countries have adopted or will adopt the
systems used by other countries with a wider experience of
nuclear operations. In the following sub-sections, a brief
outline is given of the current or proposed system of radio-
logical limitation applied to effluent releases in each of
the countries, or group of countries, considered. Where they
could be extracted from the references cited, details are
provided concerning the philosophy of the approach used and, in
the case of countries applying general numerical limits, the
justification for the limits chosen.

For ease of comparison of the systems incorporating
generally applicable limits, the numerical values of these
limits, and the conditions relating to their application,
are presented in Table 1.

1.3.1. Belgium

1.3.2.

At the meeting on 15th December, 1975, the "Commission
spéciale en matiére de radiations ionisantes" (the nuclear
safety committee in Belgium) imposed, for the next four
nuclear power stations to be built in Belgium, the rules
published or adopted by the United States Nuclear Regulatory
Commission (USNRC). (See Section 1.3.l11 and Table 1.1.) Never-
theless, requirements additional to or deviating from NRC

practice can be accepted or imposed by the Belgian authorities.

Denmark*

The recommended "basic principles and standards for the
limitation of releases of radioactive substances from nuclear

power stations" in the Nordic countries have been stated in

* also Finland, Iceland, Norway, Sweden



a recent publication (3) issued jointly by the radiation
protection institutes of all the countries in the group. The
statement represents the present views of the institutes and
although there is no obligation for national authorities to
incorporate the recommendations into legislation the statement
is intended to serve as a basis for more formal rules and

regulations which may be drawn up within each .country.

The statement recommends that in addition to complying
with ICRP requirements on justification and optimisation,
the release of radioactive substances from nuclear power
stations should be subject to the following requirements:

a) The doses to a critical group, as defined by ICRP,
shall not exceed a stipulated fraction of the general
Dose Limits for individual members of the public; and

b) The global population average dose in any one year shall
be small and remain acceptably small in the future. In
order to ensure that this will be so the time integral
of the world average dose rate over a period equal to
that over which nuclear power is expected to be used
shall not exceed a stipulated value, related to the

installed nuclear generating capacity.

The recomrended "dose" limits (Table 1.1.) apply to the relevant
dose commitments over the applicable periods of time rather
than to current doses, eg, annual doses. L-For example, if

the operative annual dose limit is'd'mrem, it is the dose
commitment of one year's practice that must not exceed'd'

mrem. /

1.3.2.1. Doses to critical group

The justification behind requirement (a) above is to
make it most unlikely under normal operating conditions that
any individual in the neighbourhood of a nuclear power
station will receive a total radiation dose from all relevant
sources, exceeding the Dose Limit that ICRP has recommended.



Although critical group dose limits as specified (see Table 1.1)
will be applied, the statement claims that the controls
implied by requirement (b) are likely to be limiting, cer-

tainly in the cases of releases to atmosphere.

1.3.2.2. Collective dose to world population

In laying down requirement (b) above, the statement
points out that global contamination by long-lived radio-
nuclides cannot be controlled by merely controlling the
exposure of critical groups for each contributing source and
concludes that an additional limitation of the global per
caput dose is needed.

A limit of 10 mrem is recommended for the future annual
global per caput dose from all nuclear power operations and
the justification is based on the corresponding risk being
insignificant to any one individual. It is pointed out that
the suggested limit is 10% or less of the annual dose from
natural background radiation and is also commonly less than
differences in background radiation from place to place, a
feature not usually taken into consideration when, for
example, choosing a residence. The statement also points out
that such a limit is well within ICRP recommendations (2)

concerning population exposure.

Making assumptions regarding maximum conceivable requirements
for nuclear generated electrical power (10 kWe per caput)
and the maximum likely period over which electricity will be
generated by nuclear means (500 years), recommended limits
(see Table 1.3) are expressed in terms of global collective
dose commitment for releases from both power stations alone

and from complete fuel cycle operations.

Since the purpose of the limitation of the collective
dose is to limit the future average dose at a time when the

number of reactors is much larger than now, the statement



1.3.3.

1.3.4.

adds that "the requirement may be applied with some relaxation
and flexibility during the initial period and, in particular,
that it would also be permissible to average collective dose
commitments and time integrals of collective dose rates over
longer periods than one year, eg, over a ten-year period".

The statement goes on to say, however, that this flexibility
should not be used to justify planning of lesgs restrictive
operations purely for economic reasons.

France

Limitations for the control of radiocactive discharges
from nuclear installations are established either on a case-
by-case basis or according to type of installation (7) (8)
so as to comply with dose limits laid down (6) for individual
members of the public and for the population as a whole. The
limits are contrived on the basis of studies made by the
operator, required under the Decrees of 6th November, 1974
(4) (relating to atmospheric discharges) and 31lst December,
1974 (5) (relating to liquid discharges) for the purposes of
authorization. The report must include all factors necessary
to allow the competent authorities to carry out an assessment
of doses to members cf the public arising from the planned

discharges.

Other regulations (9) (10), recently promulgated under
these Decrees, specify generally applicable maximum discharge
values (see Table 1.2) for power stations equiped with light
water reactors; discharges authorised on a case-by-case
basis for individual power stations, will, therefore,

necessarily be less than these general limits.

Federal Republic of Germany

A comprehensive new Radiation Protection Ordinance (11)
was promulgated on 13th October, 1976 and came into force
on lst April, 1977.



As well as requiring that radioactive effluent releases
from all nuclear installation be maintained "as low as
possible", the Ordinance specifies dose limits for individual
members of the public, in unrestricted areas, arising from
the releases (see Table 1l.1).

The limits apply to the most adverse conditions of
exposure for normal operations, summing all pathways, including
food chains, hypothetical or otherwise, irrespective of
whether the potential exposure locations are populated or
used for agricultural purposes.

If other plant or installations on the same or other
sites can contribute to the radiation exposure at these
positions, the competent authorities are required to ensure
that the radiological limits specified are not exceeded

overall.

In recommendations made by the German Committee on
Radiological Protection in 1975 (12), limits for releases of
krypton-85 from fuel reprocessing were proposed (see Table 1.3).
The purpose of the recommended limits is to reduce skin dose
to the local population living in the vicinity of reprocessing
facilities, and the doses to the world population arising
from the releases. L_To ensure that limits are not exceeded,
it is recommended, for design purposes, that separation
techniques to be employed should reduce releases of krypton-85
by a factor of at least 100. /

1.3.5. Ireland

A statement obtained recently from the Nuclear Energy
Board (13) indicated that radiological limitation applied to
effluent control from any nuclear power plant which may be
constructed in Ireland will be based on generally applicable

radiological limits (see Table 1.1).



An earlier statement (14) made at a CEC meeting in 1974
indicates that in fixing discharge limits, the ICRP principle
of keeping releases "as low as reasonably achievable" will
be applied. It was also stated that the limits are likely to
be related to the exposure of individual members of the
public rather than populations and that limitations would
probably apply to releases from a site as well as from
individual units on the site.

1.3.6. Itall

The system of limitation currently used in drawing up
discharge authorizations for effluents from all nuclear
installations considers each site on a case-by-case basis.

Taking into account the actual discharge needs of the
plant being considered, the radiological capacity of the
environment concerned, and the releases of existing or
future installations into the same environment, discharge
limits are defined in the form of discharge formulae which
take into account the differing radiological impacts of the
various nuclides to be emitted. In this context the radio-
logical capacity of the environment is to be taken as the
rate of releaseof activity into the particular environment
that would give rise to an average dose to the individuals
in the critical group not higher than the ICRP Dose Limit.

The authorities have no official guide levels for
allocating a fixed fraction of the limiting radiological
capacity. It is understood, however, that for design pur-
poses the policy of the authorizing departments is to limit
doses to the critical group, arising from the discharges, to
about 5 to 10 mrem/a in the case of whole body exposure and
corresponding values for other organs. Moreover, it is
expected that generally applicable radiological reference
levels will shortly be introduced.
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1.3.7. Luxembourg

The system of generally applicable radiological limits
recently promulgated in the Radiation Protection Ordinance
(11) in the Federal Republic of Germany ( See Section 1.3.4.
and Table 1.1) is applied to nuclear installations in
Luxembourg.

1.3.8. Netherlands

The Recommendations of the Health Council in a report
(15) issued by the Ministry of Public and Environmental
Health in 1975 state that licensing regulations associated
with the operation of any nuclear installation should, as a
minimum, guarantee that no individual living in the vicinity
of the installation receives an annual dose in excess of
that recommended.(See Table 1.1)

The basis of the recommended limit is the variations
which might be expected in natural background radiation

associated with a change of residence or mode of living.

The Council claim that, if the recommendation is
complied with, only a few individuals within the critical
group will approach the limit each year and it is 1likely
that the average dose to an individual in the critical group
will be at least a factor of ten lower. They add, however,
that the recommendation must not be used as a kasis for
discharge criteria without qualification and that authorized
discharges from particular installations must be kept as
much below the recommended limit as is reasonably achievable

on technical and economic grounds.

According to the Reactor Safety Commission, (15 b)
operational releases from nuclear power stations (LWR) can
be limited so that no individual living in their vicinity
will receive an annual dose exceeding the values as given in
Table 1.1. The Reactor Safety Commission is also of the
opinion that releases of a 1 000 MWe LWR can be limited to

the values given in Table 1l.2.



1.3.9.
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1l

These dose and discharge values will undoubtedly be
observed in the licensing procedures fcr future power stations
in the Netherlands.

United Kingdom

The established practice is to set controls on a case-
by-case basis so that each situation can be judged on its
own merits. By acting in this way it is considered that
controls can fairly reflect the real needs of individual
sites, while at the same time, the cumulative effects of all
sources can be kept to a minimum.

The basic objectives of the current United Kingdom
policy in relation to radioactive wastes are stated in a
Government White Paper* (16). They are:

1. To ensure compliance, irrespective of cost, with the
ICRP-recommended Dose Limits for members of the general

public;

2. To ensure, irrespective of cost, that the whole population
of the country shall not receive an average dose of more

than 1 rem per person in 30 years; and

3. To do what is reasonably practicable, having regard
to cost, convenience and the national importance of
this subject, to reduce the doses far below these levels.

Legally enforceable authorisations for effluent discharges
are drawn up to ensure that the above policy objectives are
complied with and limits may be specified within authorisa-
tions for quantity, type and rate of release of activity.

The approaches to control of gaseous and liquid waste
disposals differ considerably and are discussed separaly.

* The contents of this white paper are currently being reviewed.
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1.3.9.1. Discharges of gaseous waste

Authorisations for gaseous emissions from nuclear
installations do not include specific limits for the nuclides
discharged. Instead the authorisations contain conditions
requiring the operator to use approved "best practicable
means" to

(i) minimise the radioactivity of the waste discharged;
and

(ii) ensure that the radioactivity of such waste does not
exceed any limit which may for the time being be
specified by the responsible Ministers.

Re (ii) above, such limits may be applied by means
of a letter of intent addressed by the operator to the
competent authority acknowledging the operator's obligation
to adhere to such additional specific limits.

The word "practicable" as used above implies consi-
deration of (amongst other things) the local conditions and
circumstances, the financial implications and the current
state of technical knowledge.

In the technical assessment of discharge proposals the
authorities are, of course, fully concerned to meet each of
the policy objectives stated above, although in practice it
is usually that objective requiring exposure to be minimised
which determines the acceptable levels.

It must be mentioned, however, that, following the
recommendation of the Royal Commission on Environmental
Pollution in its report on Nuclear PoWer and the Environment
(16 b), the Government has agreed in principle that

nuclear sites should have clear standards for airborne
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emissions to which to work and that the possible additive
effects of discharges should be taken into account in

setting such standards (16 c¢)

1.3.9.2. Discharges of liquid waste

Unlike the authorisations which permit disposal of
gaseous wastes, those for liquid wastes usually include
numerical limits for specific radionuclides or groups of
radionuclides, although the operator is still under an
obligation to minimise discharges, avoiding unnecessary

disposal.

In deciding on the limits to be attached to authorizations,
the normal practice is, as in Italy, to compare the operator's
proposals with the radiological capacity of the environment.
The impact of the proposal can then be assessed in terms of
the doses to members of the public; this ensures that the
first and second policy objectives will be met. The operator
is required to justify his proposed discharge which must not
exceed the environmental capacity, and in line with the
third objective, disposals are permitted only when there are
proven needs. As a result of these procedures, authorised
limits are usually very much less than the environmental

capacity.

1.3.10. Switzerland

Limits (See Table 1.2) for liquid and atmospheric
effluent releases are specified in the Federal Council's
Ordinance on Radiation Protection of 30th June, 1976, (17)
which came into force on lst August, 1976. Within these
limits the Crdinance requires that radiocactive effluents be
kept to a minimum and that permissible releases be specified
in the authorizations for individual establishments. The
limits apply generally to all establishments from which

radiocacitve materials are released to the environment.
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The guidelines of the Federal Commission on Safety of
Nuclear Installations (18) state that the exposure of criti-
cal groups of the population as a result of effluent releases
from any one nuclear power station site should not exceed 20
mrem per year whole body dose weighted in accordance with
ICRP Publication 26 (2 b). However, the authorised operational
discharge limits should be kept as far below the values

derived from this dose limit as is readily achievable.

United States

The Nuclear Regulatory Commission (NRC) announced in
the Federal Register on 5th May, 1975, its decision concerning
numerical guides for design objectives and limiting conditions
of operation to meet the criterion "as low as reasonably
achievable" for effluents from light water reactors.

The design objectives laid down (19) (Table 1.1) are
intended to ensure that doses to individuals are kept below
specific levels and that the dose to the population is kept

as low as reasonably achievable with demonstrated techno-

logy.

It must be emphasised that the radiological levels
specified are not "limits" incorporated into legislation.
They merely represent exposure levels deemed by the licens-
ing authority to represent compliance with the requirement
of "as low as reasonably achievable". If an applicant can
convince the authorities that higher doses proposed by him
still comply with the criterion, then these may be accepted

for licensing purposes.

The limiting conditions of operation, i.e. action
levels as specified in the guidelines (19), stipulate
dose levels which, if exceeded, oblige the licensee to
investigate the causes of such release rates, to define and
initiate a programme of corrective action and to report
these actions to the NRC within 30 days of the end of the
three month period in which the release(s) occurred.

The issuing of guidelines in this form reflects currently

demonstrated levels of achievement in effluent control from
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a wide experience of light water reactor operation in the
United States. It is not expected (20) that guides of a
similar nature will be issued in the foreseeable future
for other steps in the fuel cycle.

Legally enforceable environmental standards (21), in
the form of generally applicable radiological limits, have
recently been promulgated by the Environmental Protection
Agency (EPA) and they apply to almost the whole of the
uranium fuel cycle.

Two types of limits are proposed. The first (Table 1.1)
which is expressed in terms of maximum dose to any real
individual, is designed to provide protection of the indi-
vidual and to ensure that the exposure of nearby populations
to short-lived radioactive materials will not exceed levels
that can be achieved using cost-effective means of effluent
control. The second type of limit (Table 1.3) is designed to
limit the accumulation of long-lived radicactive materials
in the environment. The Agency considers this second type of
limit to be extremely important since it believes that these
long-lived materials represent the largest source of potential
exposure of human populations from fuel cycle operations.

Standards concerning this second type of limit are
presently restricted to krypton-85, iodine-129, and alpha-
emitting transuranics having half-lives greater than 1 year,
but possible limitation of releases of tritium and carbon-14,
the other isotopes of importance in this respect, will be
considered when further knowledge is available on both the
environmental impact of these nuclides and the cost-effectiveness

of control.

Both the NRC numerical guides for LWRs and the EPA en-
vironmental standards contain variance provisions which may
be exercised by NRC under temporary and unusual operating
conditions when continued operation, compatible with considerations
of health and safety, is deemed necessary to protect the
overall public interest.
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l1.4. Discussion

1.4.1. Approach to radiological control

All the countries considered in the present study have
systems of radiological control which ensure that doses to
members of the public, arising from releases of radioactive
materials from nuclear installations, are kept well below
the Dose Limits specified in Section 1.2. In some cases,
additional limitations have been introduced, or are being
considered, to reduce the exposure of the world population
arising from the global circulation of long-lived radio-

nuclides released.

The basic difference between countries lies for the
most part in their approach to radiological control:

- whether radiological control is exercised on a case-by-
case basis, and with what end point in mind;
- or whetlier generally applicable numerical limits are

applied, and what the limits represent.

Most of the Member States of the European Communities
now employ, or have announced their intention to introduce,
generally applicable limits for at least part of their
system of control to limit exposures arising from the
release of radioactive materials from nuclear installations.
France, Italy and the United Kingdom presently base their
radiological control entirely on a case-by-case approach,
while the Nordic Group (in its latest proposal (3)) restricts

the application of general limits to power generation.

In the United Kingdom no numerical limits are cited in
authorizations for discharges to atniosphere; these specify
instead that approved "best practicable means" be employed
to limit the discharges.

1.4.2. Generally applicable limits

1.4.2.1. Scope

Of the general numerical limits applied, or proposed,

in the countries considered in this report, in only one

case, that of the NRC guides for effluents from LWRs,
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is there a specific implication that the limits represent
releases which are "as low as reasonably achievable". In all
other cases, the limits appear to represent a maximum level
of radiological exposure allocated to nuclear power and in
particular to effluent releases, and within which efforts
are expected to be made to minimise exposures in line with
the ICRP criteria.

The limits have been arrived at on the basis of various
radiological and technological considerations. Three countries
or groups, viz. Switzerland, the Netherlands, and the Nordic
Group, refer in the case of exposure of any one individual
to the insignificance of doses lying within the variations
in natural background radiation levels from place to place,
and it appears to have been this radiological criterion
together with a knowledge of currently achieved levels of
operational control that have determined the limits used or
proposed in those countries. Only in the case of the EPA
standards are the limits clearly claimed to have been arrived
at on the basis of detailed cost-benefit assessments.

1.4.2.2. Status

In most of the countries using generally applicable
limits, the limits have been incorporated into legislation.
In the other countries, the limits are laid down, for the
present at least, in the form of recommendations or guide-
lines and it is not known to what extent the recommendations
are implemented in practice and how they are administered.

1.4.2.3. Form

Most of the countries specify their limits in terms of
dose equivalent (rem) per year to one or more body sites
although in the case of the Nordic recommendations the
limits are specified as the dose equivalent commitment,
integrated over 500 years, arising from one year's practice,.
Only in the French and Swiss legislation are the limits
expressed in the form of discharge limits (Table 1.2) Swiss
legislation provides maximum concentration values based
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on the maximum permissible concentrations in air and water

recommended by ICRP for occupational exposure; these cannot
be related directly to dose levels, since not all exposure

pathways are considered.

1.4.2.4. Applicability

Significant differences exist in the conditions of
applicability associated with the limits used by the various
countries. In the case of limits designed to control the
exposure of the local population (Table 1.1) the limits can
relate to the average exposure of members of the critical
group, to the most exposed individual (in "real" circumstances)
or to a hypothetical person at the position of maximum
exposure. Other differences of applicability relate to the
fuel cycle step(s) involved, the pathways of exposure to be
condidered and the extent of the installations considered.

In the latter case, for example, limits are variously applied
to single reactors of a specified type, to all reactors or
other installations on the same site, or to all installations
which contribute to the exposure at a given location.

It is not clear in most cases whether the limits relate

to design specifications or to operational achievement.

1.4.2.5. Magnitude

Because of the significant differences of applicability
attached to the limits used or proposed by the various
countries considered, it is not possible to make direct
comparisons between them, nor indeed to ascertain their
relative severity. Nevertheless, considering the cases where
effluent limits have been expressed in the form of dose
limitation to the local population (Table 1.1) it is interesting
to note that the limits applied to doses arising from combined
atmospheric and liquid releases amount in all cases to not
more than 10% of the ICRP/Euratom Directive overall Dose
Limits for members of the public. (Section 1.2 )
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1.4.2.6. Limitation of global exposure

Only three of the countries or groups considered
specify limits related directly to the exposure of the world
population arising from the accumulation of long-lived
radionuclides in the biosphere. These are Germany, the
Nordic Group and the United States. All the limits (Table 1.3)
are expressed differently, however, and as in the case of the
limits for exposure of the local population they are not
readily comparable. The nuclides currently being considered
in this respect are carbon-14, krypton-85, iodine-129,
tritium and the long-lived transuranics, including plutonium, ,
In the case of krypton-85, the EPA standards (21) provisionally requyire
their stated limits (see Table 1) to be put into effect by
1983, while recommendations for controlling releases of this
nuclide have also been made in Germany (12). EPA have also
specified release limits for iodine-129 (1983) and the
transuranics (1979) and are to give further consideration to
carbon-14 and tritium. The Nordic recommendations aim to
ensure that the annual global per caput dose commitment will
never exceed a value of 10 mrem from all steps in the nuclear

fuel cycle.

1.4.3. Compliance with limits

Since the introduction (or proposal) of generally
applicable numerical limits in the various countries is, for
the most part, of very recent date, the ability of operators
of nuclear installations to comply with the limits will, in
some cases at least, need to be demonstrated. In many of the
countries, the limits are restricted to releases frcm power
generation alone and mostly relate to the operation of LWRs
for which a wealth of operating experience exists and where
much is known about the levels of radiological exposure
achievable with currently demonstrated technology. (This is
effectively true also in the case of countries who have
specified limits applicable to all steps of the nuclear fuel
cycle but who presently operate reactors.) The largest
effluent releases will normally be associated with fuel

reprocessing operations and it should be noted that only
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France and the United Kingdom of the countries considered
here presently operate facilities of this type on a commercial
scale. In both these countries the radiological control of
effluents from these operations is administered under autho-

rizations drawn up on a "specific site" basis.
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2. Operational discharge limits

2.1. Introduction

Operational discharge limits are the limits specified
in the individual discharge authorisations by the competent
authorities. While they meet the general limits outlined in
the previous chapter, they may differ both in the units used
to express these limits and in the releases permitted.

On the basis of the information received from the
different delegations at or subsequent to the 1977 meeting,
a survey is given in this part of the report cf how operational
discharge limits are derived, expressed and implemented in

the Member States and in some other countries.

In order to facilitate the comparison of methods and
approaches used, the information is presented for each
country under the following headings:

(a) Methods of deriving operational limits

(b) Revision of limits

(c) Units used to express opérational limits

(d) Limitations on short-term releases

() Flexibility permitted in relation to discharge limits

(f) cControls exercised to ensure ccmpliance with the
authorisation

(9) Procedures and/or actions following a breach of the
authorisation
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2.2. Belgium

a) Methods of deriving operational limits

In the case of the power stations currently in operation
(Doel I and II, Tihange I), consultants acting on behalf of
the operators proposed discharge limits to the authorities

supported by an assessment of the radiological consequences

corresponding to the maximum discharges thus envisaged.

For gaseous effluent the radiological consequences were

calculated for a number of different atmospheric conditions.

For liquid effluent, the consequences were calculated

on the basis of the maximum permissible concentrations in
drinking water both for individual members of the public and
for the public as a whole.

In both cases the authorities gave their consent on the
basis of the safety margins between the discharge limits and

- in the case of air, the official dose limits
- in the case of water, the statutory concentration
limits for drinking water,

but with the proviso that subsequent radioecological studies
demonstrate that the population exposure by the various
possible pathways for the nuclides discharged represent only
a small fraction of the official dose limits.

As regards the four projected power stations on which

work has already started or a decision has been taken (Doel

IIT and IV, Tihange II and III), the NRC regulatory guidelines
will be applied (see 1.3.1l.). The basic guidelines with

regard to radioactive effluent are set out in References 19

and 23 - 28.

The discharges limits will be fixed in the light of the
results of the studies previously carried out on radio-
logical impact at these sites but adapted to correspond to
the total nuclear capacity now envisaged. The competent
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authority will lay down the discharge limits on the basis

of the impact thus estimated, the experience gained in
operation of the first power stations and the expected
performance of the effluent treatment plant. These limits
ought to ensure that the exposure of any individual

in an unrestricted area remains below the dose values adopted
in the NRC guidelines. (Table 1.1.)

Revision of limits

The discharge authorizations contain no limitation as
to their period of validity; the competent authority can
modify the conditions at any time. A decision to this effect
could be taken, for example, following the publication of
new, significant, data on technology, ecology or radiological
protection. In such cases there will be prior consultation
between the operator, the authority and the appointed
supervisory body.

Units used to express operational limits

For the existing nuclear power stations the applicable

limits were set out in Annexe 2 to the minutes of the
meeting of 21st and 22nd October, 1974 (14). The values
adopted for the limits cover various individual radionuclides
and groups of radionuclides in both gaseous and liquid
effluent.

The limits for gaseous discharges are expressed in

curies (Ci per period of 12 consecutive months).

The limits for liquid effluent are expressed in curies-

equivalent (Ci-eq per period of 12 consecutive months); 1 Ci-eq
corresponds to the radioactivity in drinking water with a
radiotoxicity equal to that of 1 curie of a hypothetical
radionuclide having an MPC in drinking water of 3 x 1075 Ci/m3
for occupationally exposed persons, The Ci-eq value of a
nuclide'i'is thus obtained by multiplying the number of

actual curies by the factor 3 x lO'S/MPCi.

For the projected power stations, there will be for

gaseous effluents specific limits on discharges of noble

gases, iodine-131, aerosols and tritium. The limits for liquid
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effluent will no longer be expressed in curies-equivalent but in
actual curies. They will be defined in such a way as to
fulfil two aims:

- compliance with annual and quarterly limits on activity

discharged by means of a straighforward measurement,
- compliance with dose limits (Table 1.1) by means of spe-

cific nuclide analyses.

There will be limits for the total activity discharged
(excluding tritium and occluded gases), for tritium and for
occluded gases.

Limitation on short-term releases

For the existing power stations, gaseous releases are

subject to annual discharge limits (12 consecutive months)

and in addition concentration limits (maximum " instantaneous"
concentration; maximum weekly and hourly average concen-
trations of iodine-131) and hourly limits (for discharges
from the steam generators and start-up air ejectors); for
liquid effluent there are both weekly limits and limits on

"instantaneous” concentrations in the effluent and in the

river.

For the projected stations no short-term limitations

have yet been fixed.

Flexibility permitted in relation to discharge limits

Some limits (14) applicable to atmospheric and liquid

effluent releases from the existing power stations may be

exceeded if special permission has been granted; in each
case there is a second, absolute limit which must never be

exceeded.

For the projected stations the possibilities have still

to be explored.

Controls exercised to ensure compliance with the authorisation

The control of gaseous and liquid effluent release is
the responsibility of the plant operators.
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The supervisory body checks periodically the calibration
of the monitoring equipment.

The plant operator reports monthly to the competent
authorities the activities discharged.

For the projected stations the authorities envisage in-

dependent checks of an unscheduled nature on samples taken
from the liquid effluent holding tanks before discharge.

g) Procedure and/or actions following a breach of the

authorization

In the event of a breach of an authorized discharge
limit, the measures to be taken are the same as those laid
down by the NRC for U.S. power stations. The role of the
HWRC will probably be entrusted to the "Institut d'Hygiéne
et d'Epidémiologie"and to the appointed body responsible for
surveillance of the power station during operation.

If for 13 consecutive weeks the gaseous or liquid
releases exceed predetermined values, or if operating conditions
indicate that the annual limits are likely to be exceeded,
there is provision for a system of consultation between the
operator, the appointed supervisory body and the authorities.
Permission may be granted for temporary discharge levels.
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2.3. Denmark

To date no nuclear power plants exist or are under
construction in Denmark; methods for deriving operational

limits for gaseous and liquid effluent discharges have yet
to be fixed.
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2.4. France

a) Methods of deriving operational limits

Operational limits for radioactive effluent released
from nuclear facilities are determined case by case on the
basis of a preliminary study carried out by the operator
(See 1.3.3) and evaluated by the competent authorities.

This study takes account of all ecological and demographic
factors relating to the site and the foreseeable evolution
of these factors during the operating life of the facility.
The operator proposes limits and the authorities decide on
the levels to be adopted, with reference in particular to
the estimated doses calculated by the competent health
authorities.

As regards nuclear power stations, discharge limits for
individual cases must be within the overall limits laid down
in the regulations (See Table 1.2).

b) Revision of limits

The conditions laid down in the discharge authorization
apply for a period of three years; they continue in force
thereafter unless specifically amended; such amendments may
be made at any time by interministerial decree, subject to

one year's notice.

c) Units used to express operational limits

Operational limits are defined in terms of cumulative
annual radioactivity for the calendar year (Ci/a) and may be
appropriately expressed in terms of:

- activity for various individual radionuclides present
in the effluent,

- overall equivalent activity (a weighting formula is used
to take account of the radiotoxicity of the individual
nuclides).

- total activity, having regard to the composition of the
effluent.
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For releases from nuclear power stations with light-
water reactors, the only distinctions drawn in the general

regulations are:

- for gaseous effluent : noble gases,

halogens plus aerosols,

- for liquid effluent : tritium

other nuclides (excluding K=40 and Ra).

Limitations on short-term releases

Releases must be spread out with a view to maximum
dilution. No short-term discharge limit is specified for
activity per se, but for power stations with light-water
reactors maximum average concentration levels (See Table 1.2)
are laid down for the following periods:

- weekly for gaseous effluent,
- daily for liquid effluent,
- quarterly for the river basin.

These maximum concentration levels are values relating
to the receiving environment and are ascertained by calcu-

lation, assuming uniform dilution.

Requirements additional to those for nuclear power
stations can be imposed by virtue of the decrees relating to
the general regulations applicable to fixing limits and
discharge arrangements for nuclear facilities in general
(7.,8), Under these decrees, for certain types of facility the
arrangements for releases - and in particular their distri-
bution in time - can be adapted to take account of environmental

parameters.

Flexibility permitted in relation to discharge limits

Flexibility relates only to the discharge arrangements
and not the cumulative annual limits laid down for each
facility within the overall limits mentioned above. These
arrangements themselves, however, must take account of the
average concentration limits - with the exception of releases

into rivers from nuclear power stations with light-water

reactors. In the latter case the average concentration
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calculated on the basis of the authorized cumulative annual
discharges may be multiplied by 10 for a cumulative period

not exceeding 30 days per calendar year, subject to the

prior consent of the Service Central de Protection contre

les Rayonnements Ionisants (SCPRI), which has the responsibility
for co-ordination in cases where a number of power stations

lie in one river basin.

Controls exercised to ensure compliance with the authorization

Measurements and analyses must be carried out on gaseous
radioactive effluent and on each batch of liquid radioactive
effluent prior to discharge. Details are laid down in the
respective authorizations for each facility.

Monitoring takes the following forms:

- measurement by the operator of activity in the storage
tanks for gaseous and liquid effluent prior to discharge
and in the stack during discharge, and of levels of acti-
vity in the environment.

- parallel measurements by the SCPRI which can also, apart
from being carried out on a systematic basis, be of an

unscheduled nature;

- daily recording of amounts discharged, recording the
results of environmental measurements, recording of the
maintenance and calibration of monitoring equipment; a
copy of these records has to be transmitted monthly to
the SCPRI.

The procedures and techniques for radioanalysis and the
measurement of radioactivity to be employed by the operator
of a nuclear power station are laid down for each particular
case by the SCPRI, which supplies the necessary calibration
standards to ensure that the measuring apparatus functions

correctly.
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g) Procedures and/or actions following a breach of the authorization

The procedures to he followed or actions to be taken in
the event of the authqrized limits being exceeded are laid
down as follows:

- for gaseous effluent in Article 12 of the Decree of
6th November, 1974 (4),

- for liquid effluent in Article 13 of the Decree of 31lst December,
i1974 (5).

Under the terms of these two Articles, the SCRPI, if
it finds that certain provisions of the discharge authorization
have not been complied with, informs the authorities concerned.
In particular it reports immediately to the Minister of
Health, who contacts the Minister for Industry and Research
with a view to possible application of the provisions of
Article 13 of the Decree of 1lth December, 1963, as amended
(suspension of the facility's activities, if necessary by

placing it under seal).
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2.5. Federal Republic of Germany

a) Methods of deriving operational limits

In the Federal Republic the plant operator proposes
discharge limits based on experience with similar facilities
and providing the necessary margin in case of malopera£ion
and malfunction. The licensing authority then calls for
an independent radio-ecological assessment in the light of
the levels applied for.

The assessment takes account of the actual meteoro-
logical parameters, but allows for the least favourable
local possible conditions with regard to the ecological and
demographic situation, this to take account of possible
changes over the assumed life-time of the plant *).

The exposure of the critical population group via the
relevant exposure pathways is calculated for each radionuclide
and the resulting doses are added together to give the total
exposure. Unless specific local living patterns are known,

pessimistic assumptions are made **).

In calculating the exposure from radioactive effluents
the activity already present in the dispersing medium is
taken into account; i.e. all sources of radioactive effluents
(e.g. of medical, industrial, scientific or nuclear origin)
which can contribute to the exposure of the critical populatioh
group at the points of interest are included in the radio- '
ecological assessment. If this assessment indicates that the
radiological limits (see Table 1.1.) would be exceeded, the
levels applied for cannot be authorized. Either the operator
then reduces the levels in his application or the licensing
authority grants a licence specifying suitably reduced
limits.

*) In the basic assumptions used to evaluate the environmental
radiological impact of nuclear power plants, the life-
time of the plant is now supposed to be 50 years (31).

**) For further details see Refs. 31 and 32
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However, even where the results from the assessment
comply with the radiological limits, in the recent past the
licensing authority has, where technologically and eco-
nomically feasible, laid down limits less than those sought,

in view of the "as low as practicable" principle.

The above method of fixing operational limits is applied
to all types of nuclear installations including nuclear fuel
reprocessing plants but in the latter case supplementary
restrictions can be imposed to limit the collective dose to
the population from long living nuclides. To date however,
no generally valid criteria exist for this purpose.’

Revision of limits

Discharge limits can be revised at any time when it

would appear that a danger might exist for the population

near a plant. Changes will also occur when new regulations
(e.g. changes in the Radiation Protection Ordinance, or new
statutory orders) are issued. This would also apply in the
event that effluent treatment techniques were to be considerably
improved. The change in discharge limits can be implemented
by the competent authorities by amending a condition of the

license ¢r by issuing a supplementary condition.

Units used to express operational limits

In accordance with the Radiation Protection Ordinance
(11) annual discharge limits are expressed in curies (Ci/a)

It is customary to have separate limits:

for gaseous effluents: - noble gases
- iodine-131

(with additional restrictions during

the grazing season)
- long-lived aerosols (T% >/ 8 d)
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for liquid effluents: ~ tritium

- all other artificial radiocactive
materials.

Limitations on short term releases

Gaseous effluents

It has recently become normal practice to impose limits
on short-term atmospheric discharges. These are designed to
ensure that the relationship between discharge and exposure
calculated using long-term dispersion factors remains valid

under all foreseeable operational conditions.

The following short-term limits are currently recom-
mended for nuclear power stations in the Federal Republic of

Germany:

1) The hourly discharge-rate must not deviate by more than
a factor of 2, in general, from the permitted average
(i.e. the authorised annual discharge, Q Ci, divided
by 8 760 hours)while any upwards deviations from Q/ (8 760)
must not occur systematically at particuliar times

of the day or in particular weather conditions.

2) The hourly discharge-rate may deviate by a factor of
up to 20 from the permitted average if the following

conditions are met:

a) The activity discharged per day (i.e. in 24-hour
periods) is not greater than 1/10C th of the yearly authorised
discharge Q;

b) Discharges in excess of the permitted average do
not occur systematically at the same time of the
day, but are approximately equally distributed throughout
the day;

c) in any half-year period 50% of the permissible yearly
discharge (0.5 Q)is not exceeded.
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If these conditions are not met, a special calculation

of the "short-term" exposure must be carried out. (See also (g) below)

Liquid effluents

Limitations on short-term discharges of radioactive
substances into surface waters have not been issued to date.

Flexibility permitted in relation to discharge limits

No flexibility is permitted in relation to the annual
discharge limits, as they incorporate a margin sufficient to
allow for some malfunction and maloperation in the plant.

Controls exercised to ensure compliance with the authorization

Gaseous discharges

Atmospheric discharges are monitored and recorded by
instruments which are the responsibility of the plant operator.
These instruments are checked and calibrated by officially
appointed specialists before the facility is commissioned

and subsequently at regular intervals - e.g. yearly.

Random checks are carried out by the supervisory authority
on the recordings made by these instruments in order to
verify the data furnished by the plant operator.

Liquid discharges

Liquid radioactive effluent is collected in holding
tanks. Prior to discharge into the receiving water body
representative samples are taken in order to allow a decision
to discharge, determine the types and quantities of radionuclides
present in the effluent and provide supporting evidence.
Measurements providing the basis for decisions to discharge
are carried out by the plant operator. In addition, continuously
operating detectors and sampling devices are installed in

the discharge line.
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The continuous measuring and recording devices are
subject to commissioning tests, calibration tests and subsequent
checks at intervals by independent specialists on behalf of
the competent regional authority.

In addition to routine monitoring on behalf of the authorities,
the gaseous and liquid discharges from all nuclear power
stations in the Federal Republic of Germany have been regulary
monitored by the Federal Health Office (Bundesgesundheitsamt)
as part of a research contract. As a result of this research
guidelines for the monitoring of discharges have been drawn
up, and the State Committee for Nuclear Energy (Landerausschuss
fiir Atomenergie) has made these guidelines binding on the
operators of nuclear power stations (28,29).

The plant operator has to report the results of effluent
monitoring to the competent authorities at least once a
year but for certain measurements, at least once every three

or six months.

Procedures and/or actions following a breach of the authorization

Whenever, the authorised discharge levels are exceeded,
the plant operator must inform the competent authorities
immediately by telephone, and confirm in writing. The
channels of communicaticn and the measures to be taken are
fixed on a case by case basis in the licence for a particular
plant. These measures will depend on the seriousness of the incident
and can extend to the temporary closure of the facility and
the imposition of a fine.
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2.6. Ireland

a) Methods of deriving operational limits

Since to date no limitation system tc effluent control
has been introduced, only the general philosophy to be
followed can be given.

Discharge limits will be based on the fundamental
principle that all discharges of radioactive effluents to
the environment and exposures of members of the public

should be maintained as low as reasonably achievable.

The operational discharge limits will be derived from
detailed consideration of meteorological, ecological, demo-
graphic and other data relevant to the site.

It is quite possible that design targets may be established
for the safety assessment of nuclear power stations. Such

targets would of course be lower than authorised limits.

b) Revision of limits

It is probable that authorisations will be issued for a
specific period and renewed at the end of that period. In
any case the regulatory authority can amend authorisations

at any time.

c) Units used to express operational limits

The expression of operational discharge limits in
curies is preferred to the use of curies-equivalent or
discharge formulae. Specific limits will certainly be placed
on iodine releases in gaseous effluent. The necessity for
specific release limits for other radionuclides will be

determined by the characteristics of the plant and the site.
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Limitations on short term releases

In discharge authorisations provision is likely to be
made for short term discharge rates.

Flexibility permitted in relation to discharge limits

No policy has been determined on permitting flexibility
in discharge limits. It is probable, however, that a small
variation in discharge rates may be permitted to allow for
minor operational flexibility. Such flexibility will be
defined in the authorisation.

Controls exercised to ensure compliance with the authorization

The controls applied to ensure that actual discharges
are within authorized limits will be similar to those normally
applied to the control of nuclear power stations elsewhere.

Procedures and/or actions following a breach of the

authorization

Procedures and actions to be taken following a breach
of an authorization have yet to be determined.
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2.7. Italy

a) Methods of deriving operational limits

The operational discharge limits constitute part of the
Technical Specifications, imposed by the competent authorities
on a licensee aspart of the operating licence. These limits
are set for each individual plant on the basis of the results
of two analyses:

- the safety analysis of the installation (nuclear power
staticns and others), its safety systems and the effluent
treatment plant, taking into account the state of the art
as regards the last mentioned (application of the principle
"as low as readily achievable");

- analysis of the radiological consequences of radioactive
discharges in the given environment, taking into account
as far as possible potential changes over the lifetime of
the plant.

In the latter analysis, an evaluation of the meteoro-
logical, ecological and demographic data (especially the
diets and living habits of the population), permits deter-
mination of, for the principal nuclides discharged, a site's
"environmental capacity".( 8S8ee Section 1.3.6)

The discharge limits are then set on the basis of the
discharge needs of the plant and the assessed environmental
capacity. A check is made to ensure that the resulting dose
commitment will correspond only to an "acceptable"

fraction (normally 1-10%) of the environmental capacity.
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Revision of Limits

The discharge limits are valid for two years, after which
they are reviewed in the light of updated information on the
environment and the operation of the installation (see(f)below).

Units used to express operational limits

The discharge limits are expressed by means of a discharge
formula giving the maximum activity that can be discharged
in one year taking into account the different radionuclides
present in the effluent *).

The principal nuclides discharged are specified in this
formula, which also incorporates terms for the total «, A3

and activities of the nuclides which are not included
individually.

For light water reactors the nuclides which are included
in the discharge formulae are:

- liquid effluent: H-3, Sr-90, Co-60, I-131, Cs-137,
total{3J' and . (Ba/ activity is usually expressed in

terms of Co-60 and Cs-137 equivalent while o« activity is
normally expressed in terms of Pu-239 equivalent *¥*),

- gaseous effluent: noble gases, I—lBl,BJ/particulates
and « particulates (Bd’ activity is usually expressed in
terms of Sr-90 equivalent while &« activity is normally
expressed in terms of Pu-239 equivalent **),.

Limitations on short term releases

There are restrictions for short-term discharge of gaseous
and liquid effluents. In particular:

*) For example for Garigliano power station (liquid effluent):

H-3 _ B Cs-137 + Co-60 + 2(I-131) BJ/ + %<1 ci/a

5x103 1 25 2 1

**) The operator of each installation is supplied with a
a list of equivalence factors so that the activity of each
radionuclide can be related to the activity of the reference
nuclide.
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a) for discharges over a 1l3-week period the limit is
equal to 50% of the annual limit;

b) for discharges over a 24-hour period the limit is
equal to 10% of the annual limit.

In particular cases, e.g. where effluents are discharged
into watercourses with a fluctuating flow rate, there are
limits linked to the flow rate.

Flexibility permitted in relation to discharge limits

The flexibility which is permitted with regard to discharge
limits appears from (d) above. If, in exceptional circumstances
(e.g. malfunction or other unforeseen event), it is perforce
anticipated that one of the discharge limits set for an
installation may be exceeded, the operator must inform the
regulatory body, which will investigate the reasons and the
need for the discharge and check that its radiological
consequences are acceptable. This body may then authorize an
"exceptional discharge" arrange some kind of additional
survey and request the elimination of the causes of the

exceptional discharge.

ENEL (National Electricity Board), the only operator of
nuclear power stations in Italy, has set for the installations
which it operates at present, operational limits equal to
75% of the authorized limits. If these operational limits
are exceeded, the staff of the installation must make a

thorough investigation to determine the causes.

Controls exercised to ensure compliance with the authorization

Controls to determine that the authorized limits are

being observed are carried out at various levels.

- The operator is required to monitor the activity and
the nature of the effluent by continuous measurements and
laboratory analysis; all terms in the discharge formulae
must always ke checked. The nonitoring equipment, the
way in which it is used and calibrated and the frequency
of sampling and measurement are subject to advance

approval and are regularly checked thereafter.
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- The operator is also required to record all measurements
made, both by continuous monitoring and in laboratory
analyses. Each year he must draw up a report on the
discharges, the nieasurements taken and the results of
environmental monitoring. This report must be submitted
to the regulatory body (CNEN).

If the derived operational limits are exceeded, the operator
must inform the regulatory body immediately (see(g) below).

- The regulatory body carries out regular inspections of
nuclear installations. During these inspections discharges
are verified and a check is made that the regulations are
being observed.

- As an additional and independent check on discharges
and their impact on the environment and the health of
the population, the regulatory body also carries out
radiological campaigns around each installation every
2-3 years.

Procedures and/or actions following a breach of the authorization

With the exception of the circumstances mentioned in(e)
above (permitted"exceptional discharges") and accidental
discharges, all cases where the authorized limits are exceeded
must by law be reported to the Ministry of Industry by the
regulatory body. The Ministry can suspend the operating
licence for six months or, in extreme cases, withdraw it
completely. Legal penalties of imprisonment and fines are
laid down for those who infringe the technical regulations
establishing discharge limits.
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2.8. Luxembourg

Since the Luxembourg Government has decided to apply the
statutory regulations and other standards in force in the
Federal Republic of Germany (FRG), the philosophy and
methods of fixing operational limits will be the same as in
the FRG. (See section 2.5 )
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Netherlands

Methods of deriving operational limits

Discharge limits for a particular plant are based on a
case-by-case analysis of the true discharge needs.

In his application for a licence to operate a nuclear
power plant the applicant must propose to the authorities
maximum discharge values and must demonstrate that these
values observe the "as low as readily achievable" principle .
(See Table 1.2 )

He must also submit an assessment of the possible
radiological consequences of these proposed discharge limits,
taking into account meteorological, ecological and demographic
conditions, in which it is shown that certain radiological
limits are not exceeded, (see Table 1l.1.), and considering
possible changes in these conditions cver the life of the
plant.

The data are jointly evaluated by the Reactor Safety
Commission (technical aspects) and the Health Council
(radiological aspects).

On the basis of the recommendations of these Commissions
the licence is drawn up thus establishing the discharge limits.

Revision of limits

The Ministers who grant the licence (14) are empowered,
with due regard to the procedures stipulated by the Nuclear
Energy Act, to revise the discharge limits at all times.
These revisions may be result from e.g. new regulations,
operating experience, monitoring results or backfitting for
older installations.

In general, any proposed revision of the discharge
limits will also be evaluated by the Reactor Safety Commission
and the Health Council.
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c) Units used to express operational limits

The discharge limits are expressed in Ci/a.

For gaseous effluents, specific limits exist for

- noble gases

- iodine--131

- halogens other than I-131
- aerosols

- tritium (for the Borssele plant only).

For liquid effluents there is a gross activity and a

concentration limit in respect of beta activity (excluding
tritium); for tritium there is only a concentration limit.

d) Limitations on short-term releases

For gaseous effluents, the daily release may be allowed

to reach 10 times the daily average as derived from the
annual limit; however, the actual daily releases averaged
over 5 consecutive days may not exceed 5 times the permitted
daily average thus derived.

For liquid effluents, a limit for any period of 28

consecutive days has been fixed in respect of Borssele as
regards beta activity excluding tritium; additionally concentration
limits have been fixed for condenser coolant outfalls in

general.

e) Flexibility permitted in relation to the discharge limits

No flexibility is permitted in relation to discharge
limits; discharge limits are set in such a way that they
are not exceeded in the case of minor operational disturbances.

f) Controls exercised to ensure compliance with the authorization

Monitoring and contrcl at the plant

Gaseous effluents which are discharged continuously are

measured or sampled continuously. Calibration of the moni-
toring equipment is perfcrmed under supervision of the

competent authorities.
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Before each liquid effluent discharge is executed a
sample is taken and measured for total beta activity.

Inspection and control carried out by the authorities

There are 3 types of inspection:

- Regular inspection of the recorded gaseous releéses.

- Regular (monthly) administrative surveillance of reported
gaseous and liquid releases.

- Measurement of isotopic composition and total activity

of specially prepared samples taken from liquid discharges.

For the future it is also envisaged that weekly reporting
and standardised measuring techniques and reporting forms
will be introduced.

Procedures and/or actions following a breach of the

authorization

If a discharge limit is exceeded, actions are initiated
in accordance with the Nuclear Power Stations Alarm Regulation
Decree (30). If the discharge has exceeded or is likely to
exceed the discharge limit, this must be reported by the
nuclear power plant operator to the authorities. If the
discharge limit is expected to be exceeded by more than a
factor of 10, the authorities will automatically initiate
certain protective measures, which will depend on the actual
and expected discharges. (A general guide is given in the
emergency regulations for Borssele and Dodewaard. Decree of
1st July,1976) These measures are implemented by a number of
specialised groups composed of personnel from the authorities.
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2.10. United Kingdom

a) Methods of deriving operational limits

As stated in Section 1.3.9 authorizations for discharging
radioactive waste from a nuclear installation (containing
limits for liquid discharges and possibly supplemented by de-facto
limits in letters—~of-intent in the case of discharges to
atmosphere) are granted on a case-by-case basis taking into
account the true discharge needs of the plant and ensuring
compliance with the ICRP recommendations.

Gaseous effluents

An operator wishing to discharge gaseous waste from a
nuclear installation has to apply to the competent govern-
ment departments for authorization. He submits, therefore,
to the technical inspectorates concerned detailed plant

design proposals and estimated emission data.

These inspectorates make a careful assessment and
consider the consequences of the limiting discharges as
proposed by the operator in terms of dose to humans taking
into account possible changes in ecological and other conditions.

If such doses are deemed acceptable, authorizations are
granted by the responsibile government departments, though-
not until after consultation with local authorities and
others in the area concerned. However, as stated in Section 1.3.9,
authorizations for gaseous emissions from nuclear installations
do not per se include specific limits for the nuclides
discharged.

Liquid effluents

The formal procedure leading up to an authorization for
liquid waste discharge follows a similar pattern to that
for gaseous wastes. The operator is required to justify
the proposed discharge of liquid effluent, wherein some
reasonable margin is allowed for cperational flexibility
and inaccuracies in forecasting the amount of waste arising,
treatment plant performance, etc..
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The technical inspectorates concerned make an assessment
of the "radiological capacity of the environment"” (see

definition in Section 1.3.6) and compare the proposed discharges
against this wvalue.

Authorizations usually include numerical discharge
limits, although the operator is still under an obligation
to minimise discharges and avoid unnecessary disposals. The
authorized limits are usually only a small fraction of
the radiclogical capacity of the environment.

Revision of limits

The regulatory authorities can decide at any time to
amend the imposed discharge limits.

Units used to express operational limits

Gaseous @ffluents

Where letters of intent have been issued specific
nuclides considered to be of special significance are stated,
but in general, due to the insignificance of the discharges,
gross activity (Ci/a) is regarded as acceptable provided
spct checks are made to identify the composition of the
release.

Liquid effluents

Limits are normally expressed in terms of gross activity
(Ci/a) but additionally may contain references to specific
nuclides either because they are of special importance (e.g.
Zn-65 or Cs-137) or conversely when large curie quantities
are of exceptionally little significance (e.g. tritium).

Limitations on short-term releases

Gasecus effluents

For trivial discharges, e.g. particulate material, no
restriction has proved necessary. Where letters of intent
incorporating references to specific nuclides are concerned the maximum
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daily release rate has been expressed as a multiple (x4) of
the permitted daily average (i.e. the DWL *). Such

releases may not continue for more than 4 consecutive days.
For the relatively large releases of A-41 from the earlier
Magnox stations the release rate is directly related to

power output and the level at full power is thus intrinsically
fixed.

Liquid effluents.

Operators are encouraged to discharge at a reasonably uni-
form rate by the use of "rolling" 12 monthly averages and
the stipulation included to date that over any 3 month
period no discharge may exceed 1/3 of the annual limit.

Flexikility permitted in relation to discharge limits

No flexibility is permitted in relation to the
discharge limits set by the authorities, but minor
operational malfunctions are allowed for in the values
authorised.

Controls exercised to ensure compliance with the authorization

The policy of the authorising authorities is to require
that the necessary monitoring to assess the level of radioactivity
in the effluents and the effect of such effluents on the
environment, is undertaken principally by the station operators.
The information provided by such monitoring can then be used
to demonstrate compliance with ICRP recommendations regarding

exposure of members of the general public.

*) The DWL (Derived Working Limit) for a stack discharge for a
given nuclide is here defined as the discharge rate per day which if
continued indefinitely would yield the ICRP annual dose
limit to the hypothetically most exposed member of the
public outside the site perimeter. For some nuclides
where the modelling is incomplete and the persistence of
the practice can be estimated only approximately the term
"DWL" is not strictly applicable although there will
be practical uses for a figure which relates the daily discharge
rate to a particular route of exposure.
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Additional independent checks are undertaken by the

authorities particularly in the marine environment.

Station operators are regularly visited by inspectors
employed by these authorities and the following topics are
among those which receive their attention:

- monitoring of radioactivity in effluents in-
cluding sampling arrangements, counting,
calibration, composition and record keeping.

- environmental monitoring, particularly of those
materials associated with the transfer of radio-
nuclides in key human food chains.

- utilisation of best practicable means to reduce
radioactive discharges to atmosphere to a
minimum including such aspects as design, main-
tenance and testing of air cleaning and dis-

charge apparatus.

The plant operator has to communicate the activity
discharged to the authorities at monthly intervals.

g)Procedures and/or actions following a breach of the authorization

Matters considered to constitute a breach of the
authorisations issued to a station operator are drawn to his
attention formally by letter by the authorising department
or departments. Such matters would almost certainly be
concerned with shortcomings in the implementation of the
"best practicable means" principle. Under Section 13 of the
1960 Radioactive Substances Act provision is made both for
the imposition of fines and imprisonment. The ultimate
sanction would be to withdraw the authorization to discharge
radioactive waste, thus in effect closing down operations.
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Switzerland

Methods of deriving operational limits

The operator of a nuclear power plant proposes to the
authorizing bodies annual discharge limits for liquid and
gaseous effluents.

He submits at the same time an assessment of the environ-
mental radiological consequences of these proposed maximum
discharges in which he has firstly to demonstrate that
certain recommended dose limits (see Table 1.1 and Ref. 18)
are not exceeded taking into account possible future changes
in environmental conditions (i.e. population growth, use of
river water, etc.). The dose evaluation should be based on
realistic assumptions and dose models.

Secondly he must justify that these discharges are kept
so far below the values derived from the recommended dose
limits that on the basis of a cost-benefit analysis a further
reduction of the discharges would not be justified.

The authorities, after assessing the analyses submitted,
fix the discharge limits. It is explicitly stated that the
plant operator may make full use of these authorized limits.

Revision of limits

Limits given in the guidelines of the Federal Commission
of Safety of Nuclear Installation (18), i.e. the whole body
dose limit for the critical groups and the discharge limits,
can be changed at any time. The reason for a change could be
operating experience and/or monitoring results from the

environment.
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c) Units used to express operational limits

d)

e)

Limits for gaseous effluents are expressed in curies-

equivalent, valid for a mixture of nuclides with a radio-
toxicity such that its maximum permissible concentration

(MPC) in air for occupationally exposed persons is

1 x 105 ci/m3 (corresponding to Xe-133 and cited in Ref 17).*
There are separate limits for discharges to atmosphere of I-131
and particulates. ‘

The limits for liquid effluents (excluding tritium) are

expressed in curies-equivalent, valid for a mixture of
nuclides with a radiotoxicity such that its MPC in é&rinking
water for occupationally exposed persons is 1 x 10-4 Ci/m3.*
There is a separate limit for tritium.

Limitations on short-term releases

The discharge of radioactive gaseous effluents

must take place in such a way that :

- the hourly discharge never exceeds 9 times the permitted
hourly average as derived from the annual limit.

- the total discharge per calendar quarter does not exceed
half the annual limit.

The discharge of liquid effluents must be controlled
so that :

- the specific activity in the discharge line from the
water treatment plant never exceeds 20 times the corres-
ponding drinking-water MPC value for occupational. exposure

- the increase in specific activity of the receiving waterbody,
after mixing, never exceeds 0.3 % of the aforesaid MPC.

Flexibility permitted in relation to discharge limits

The discharge limits given in the licence are fixed

values.There is no flexibility.

*) If the radiotoxicity of the radiocactive gases or liquids
discharged is in practice subtantially different from the
reference value, this must be taken into account.
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The operator is required to ensure that the discharge
limits are observed by means of:

- continuous monitoring of all discharges (at source) and
regular detailed analyses of representative effluent

samples;

- radioactivity measurements in the environment, e.g.

analysis of aerosols and water samples;

- continuous dose measurements at selected points in the

surrounding area.

The authorities confirm that the discharge limits are
observed by means of:

- their own random sampling of discharges at source;

- dose rate and dose measurements in the surrounding area
taken with transportable ionization chambers (field

measurements) ;

- an environmental monitoring programme including analysis
of samples of air, water, rain, aerosols, milk, grass,

fish, aquatic plants and sediments.

The type and number of measurements to be made by the
operator are laid down by the authorities. The operator is
responsible for selecting and calibrating the measuring

equipment.

The accuracy of the operators' equipment is checked by

taking comparative measurements.

Every three months the operator has to report the
activity discharged in the liquid and gaseous effluent,
giving a breakdown of the nuclides, and the results of the

measurements taken in the surrounding area.

Procedures and/or actions following a breach of the

authorization

A report must be immediately submitted to the competent
authorities should the discharge limits laid down in the
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authorization be exceeded. The report must ccntain an estimate
of the dose to the affected population groups and describe

the measures which will be taken to keep future discharges
withih the permissible limits. The competent authorities

deéide on the measures to be taken in cases where the discharge
limits have been exceeded and where it is assumed that the

dose to members of the affected population groups has risen
above 10 mrem.
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2.12. United States

a) Methods of deriving operational limits

10 CFR 50 Part (19) requires that each operating
license issued by the NRC contain technical specifications
that set forth the limits, operating conditions, and other
requirements imposed upon facility operation for the pro-
tection of the health and safety of the public.

There are two types of technical specifications:

- safety technical specifications;
- environmental technical specifications.

The latter include limits and conditions for the controlled
release of radioactive materials in liquid and gaseous
effluents. These limits are based on a radioecological
assessment of the environment to ensure that these releases
respect the NRC radiological limits given in Table 1.1.

b) Revision of limits

Limits can be revised at any time on the basis of new
regulations, operating experience or monitoring results. The
procedure is for NRC to simply amend the license. If neces-
sary to satisfy the regulations, backfitting can be required,

but is not usual.

c) Units used to express operation limits

The technical specifications mentioned -above contain
discharge limits, expressed in Ci/a, for gaseous and
liquid effluents, and additionally limits for specific
radionuclides,e.g. I-131.

d) Limitations on short—-term releases

The technical specifications accompanying the operating
license, also contain short-term limitations to effluent
discharges such as instantaneous release limits and calendar
guarter limite. For liquid waste also instantaneous concen-
tration limits on radioactive materials released are imposed.
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Flexibility permitted in relation to discharge limits

Flexibility is permitted in discharge limits under
unusual operating conditions.

Contrcols exercised to ensure compliance with the authorization

_ Monitoring of the releases is the responsibility of the
licensee; the technical specifications outline the monitoring
procedures. The releases are reported to the NRC twice-
yearly in semi-annual operating reports. NRC does, however,
periodically check the monitoring program and reported
releases.

Procedures and/or actions following a breach of the authorization

Violations of the technical specifications are reported
to the NRC, which has the authority to impose monetary fines,
or shutdown the reactor. Most minor violations are handled
by a licensee commitment to resolve the situation sothat a

similar occurrence is not expected in the future.
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2.13. Discussion

From the answers of the different delegations to the
points treated above, an overall conception is obtained of
the ways in which operational discharge limits are generally
derived, expressed and applied, as summarised below.

I. In most countries, the plant operator proposes discharge
limits to the authorities, who fix the maximum discharge
values, after:

- assessing the potential environmental radiological
impact implied by the proposed values and deciding
whether the resulting doses would be acceptable
(either being below a specific radiological limit
applicable to effluent releases, such as given in
Table 1.1., or being considered to represent an
acceptable fraction of the dose limits as fixed in
the Euratom Basic Standards or recommended by ICRP.);

- checking that these values, on the basis of the best
current technology, correspond to "as low as readily
achievable”" values, specified for nuclear power
stations in some countries as overall annual discharge
limits.See Table 1.2)

II. These discharge limits can be amended by the authorities,
in most countries at any time and in others after

some years of operation (2 or 3 years).

III. All but two countries express the annual discharge
limits in curies. Belgium (for liquids only) and
Switzerland have to date used curies-—-equivalent where

the curie-equivalent is a measure of radiotoxicity.

For nuclear power stations, specific limits are usually
fixed :

for gaseous effluent: - noble gases

- aerosols (in several countries for
nuclides with Tk > 8d)

- iodine-131 (sometimes limits for

iodines in general or for halogens in
general)
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for liquid effluent: - gross activity, excluding tritium
~ tritium alone

Some countries set - other specific limits, such as
tritium in gaseous effluent or
noble gases in liquid effluents

- limits for specific nuclides of
special importance in the exposure
pathway to man (e.g. Zn-65 or Cs-137‘
in liquid effluents).

All countries impose limitations on short-term releases,
in order to avoid that the exposure, calculated on the
basis of long-term dispersion factors, is exceeded as a
result of short-term influences.

However, no uniformity exists in this field as regards
the time-scales used and large differences appear
between plants in the same country even. For nuclear
power stations short-term restrictions on activity
discharges or activity concentrations in effluent may

concern heourly, 1-day, 4-day, 5-day, weekly, monthly and/or
quarterly periods.

In most countries yearly discharge limits must be
complied with under all circumstances, as these limits
generally already take into account minor operationnal
disturbances; a few countries allow certain limits to
be exceeded subject to certain conditions.

To ensure compliance with the discharge authorization
conditions, the following system of control and inspection'
is usually applied:

- all effluents are monitored before discharge;

- monitoring of continuous discharges is carried out by
the plant operator, according to methods and procedurés
imposed or agreed on by the authorizing bodies; cali-
bration of instruments is often done by recognized
lakboratories;

- for discontinuous releases, the decision to discharge
is taken by the plant operator after provisional
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assessment of the effluent; representative samples
of liquid effluents are sent to a government appointed
laboratory for checking;

- independent checks at the site on sampling, measurement
and records are undertaken periodically by the inspection
bodies of the authorities;

- records of activity releases and radionuclide compo-
sition are sent periodically by the plant operator to
the authorities;

- each plant has a system of environmental monitoring,
backed up by a survey by or on behalf of the authorities.

VII. In case of breach of the authoriéed limits, the authorities
have to be informed immediately. Following investigation,
further measures will depend on the severity of the
breach. The law usually provides for the imposition of
fines and/or imprisonment and, where necessary, the
closing down of the installation.
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3. Conclusions

In accordance with the recommendations of ICRP, all
countries considered above apply the "as low as readily
achievable” principle. To this end some countries incorporate
in legislation, directives, recommendations or guidelines
environmental radiological limits, far below the ICRP Dose
Limits to be associated specifica¥ly with radioactive dis-
charges whereas others have incorporated limits on the
maximum permitted activity in discharges. Some countries
have not explicitly stated such generally applicable limits
for effluent control.

However, for fixing discharge limits to individual
nuclear installations a case-by-case analysis is always
carried out. The above mentioned generally applicable limits
serve then as maxima within which the operational limits
have to be fixed, taking into account the best current
technology for the type of plant in question.

Although no radiological limits applied specifically to effluent
control in the different countries exceed 10 % of the ICRP
Dose Limits:. they vary over an order of magnitude. Any
attempt to compare the relative severity of these different
values can however lead to misunderstandings if no account
is taken of corresponding differences in the range of condi-
tions to which the values are intended to apply.

A better approach to grasping what constitutes the best
current practice in discharge control would appear to be
comparison of operational limits applied to the same type of
nuclear installations. This is particularly true for nuclear
power stations equipped with light water reactors of which a
significant number of stations is already in operation or
planned. Moreover, operational limits can respond to improve-
ments in technology more easily than limits laid down in
formal legislation.
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Table 2 compares the annual discharge limits for recent
nuclear power plants equipped with PWRs and BWRs.

It appears that the limits per GWe for a given reactor
type differ by less than a factor of 2.5 for noble gas and
iodine-131 discharges to atmosphere, and less than 3.5 for
liquid effluent (excluding tritium) to rivers (exceptionally
a factor of 8 is found if discharges to estuaries are included).
These ranges compare very favourable with the order of
magnitude range encountered in generally applicable radiological
effluent limits. On the other hand for tritium in liquid
effluent the range exceeds an order of magnitude.

Finally it can be concluded that, although considerable
differences appear in the generally applicable limits applied
today in the Member States and some other countries to
effluent control from nuclear installations, a growing

uniformity can however be observed in respect of:

- the quantities cited in the operational limits; .
- the ways in which these limits are derived, expressed

and implemerted.

One field, however, in which the variations still
present may lead to complications, and in which, therefore,
further harmonization should be positively encouraged, is
1imitétions on discharge to international waterways which by
their very nature tend to have a restrictive environmental

capacity.

In the absence of such harmonization, variations from
one country to another in respect of the same waterway could
lead to difficulties albeit of an economic, psychological

and/or political rather than a radiological nature.
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Conditions for Operation to meet the Criterion "As low as
practicable" for Radioactive Material in Light-Water-Cooled
Nuclear Power Reactor Effluents - Nuclear Requlatory Commission,
10 CFR 50 (Appendix I), revised as of 1 January 1977.

The Rationale for and Implementation of ALARA for the
Nuclear Fuel Cycle - J. Kastner (NRC), ANS-AICLE Meeting on
Controlling Air-Borne Effluents from Fuel Cycle Plants

(5/6 August 1976) .

Environmental Standards for the Uranium Fuel Cycle - 40 CFR,
Chapter I, Sub-chapter F, Part 190, Sub-part B. Announced in
Federal Register, Volume 42, No. 9 (13 January 1977).



22.

23.

24.

25.

26.

27.

28.

29.
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Recommendations of the International Commission on
Radiological Protection (Publication 2) - Report of Committee II
on Permissible Dose for Internal Radiation (1959).

Calculation of Annual Doses to Man from Routine Releases
of Reactor Effluents for the Purpose of Evaluating Com-
pliance with 10 CFR Part 50, Appendix I. Regulatory Guide
1.109 - March 1976 "For Comment".

Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents in Routine Releases from Light-Water-
Cooled Reactors. Regulatory Guide 1.111 - Revision 1,1977.

Estimating Aquatic Dispersion of Effluents from Accidental
and Routine Reactor Releases for the Purpose of Implementing
Appendix I. Regulatory Guide 1.113 Revision 1 April 1977.

Model Technical Specifications for Radioactive Effluents
for Pressurized Water Reactors. Pages 4.8-43 through 4.8-58
- USNRC Working Paper undated (probably issued around 1974).

Measuring, Evaluating and Reporting Radioactivity in

Solid Wastes and Releases of Radioactive Materials in Liquid
and Gaseous Effluents from Light-Water—-Cooled Nuclear Power
Plants - Regulatory Guide 1.2. - Revision 1 June 1974.

Richtlinie zur Ueberwachung der Abgabe radioaktiver

Stoffe mit Kaminluft von Kernkraftwerken mit leichtwassergekiihltem
Reaktor; Stand Sept. 1975 B.M.I., Umwelt Nr. 44, 12 Nov. 1975.
(Guideline on monitoring of discharge of radioactive materials

in gaseous effluent at the stack of nuclear power plants

with light-water-cooled reactors: Sept. 1975)

Richtlinien fiir das Einleiten radioaktiver Stoffe aus
kerntechnischen Anlagen in die Gewasser; Landerarbeits-
gemeinschaft Wasser (LAWA) (Stand Juni 1976)

(Guide on monitoring the release of radioactive substances

from nuclear facilities into surface waters; June 1976).
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30. Besluit van 13 februari 1976, houdende toepassing van
een aantal artikelen van Hoofdstuk VI van de Kernenergiewet
(Besluit ongevallen kerninstallaties).

31. "Allgemeine Berechnungsgrundlagen fiir die Bestimmung der
Strahlenexposition durch Emission radioaktiver Stoffe mit
der Abluft", Empfehlung der Strahlenschutzkommission; Okt. 1977.

32. "Allgemeine’ Berechnungsgrundlagen fiir die Bestimmung der
Strahlenexposition durch radioaktive Einleitungen in Ober-
flachengewdsser, I. Fliessgewasser", Empfehlungen der
Strahlenschutzkommission; Januar 1977.
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MEETING ON DISCHAEGE LIMITS OF RADIOACTIVE
EFFLUENTS FROM NUCLEAR INSTALLATIONS

Brussels, 20th - 21st April 1977

LIST OF PARTICIPANTS

National Representatives

Belgium

CANTILLON G. Ministére de la Santé Publique
et de la Famille
Institut d'Hygiéne et d'Epidémiologie
BRUXELLES

DIERICKX J. Ministére de la Santé Publique
et de la Famille
Génie Sanitaire
BRUXELLES

DOPCHIE H. Association Vingotte
RHODE-SAINT-GENESE

KIRCHMANN R. Centre d'Etude de 1'Energie Nucléaire
MOL

STALLAERT P. Ministére de 1'Emploi et du Travail
Administration de la Sécurité du Travail
BRUXELLES

Denmark

PER GRANDE P. Sundhedsstyrelsen

Statens Institut for Stralehygiejne

BR@NSH@J



HANNIBAL L.

JENSEN H.

ROED J.

Germany

EBERBACH F.

EDELHAUSER H.

FRANZEN L.F.

NARROG J.

France

CHANTEUR J.

LACOURLY G.

MECHALI D.

Sundhedsstyrelsen
Statens Institut for Stralehygiejne

BRPNSHPJ

Inspectorate of Nuclear Installations
ROSKILDE

Danish Environment Protection Agency
COPENHAGEN

Ministerium fiir Soziales,
Gesundheit und Sport
MAINZ

Bundesministerium des Innern
BONN

Gesellschaft fiir Reaktorsicherheit mbH
KOELN

Ministerium fiir Arbeit,
Gesundheit und Sozialordnung

STUTTGART

Ministére de la Santé
Service Central de Protection contre
les Rayonnements Ionisants

LE VESINET

Section Protection de 1'Environnement
Département de la Protection Sanitaire
Centre d'Etudes Nucléaires

FONTENAY~-AUX-ROSES

Commissariat & l'Energie Atomique
Département de Protection
Sce de Protection Sanitaire

FONTENAY-AUX-ROSES




SCHAEFFER R.

Ireland

CUNNINGHAM C.

CUNNINGHAM J.D.

;talz

BOERI G.C.

MICCI F.

Luxembourg

KAYSER P,

The Netherlands

BAAS J.L.

BOSNJAKOVIC B.F.M.

Ministére de 1l'Industrie
Service Central de Sireté
des Installations Nucléaires

PARIS

Nuclear Enerqyv Board Ireland
DUBLIN

Nuclear Enerqy Board Ireland
DUBLIN

Direzione Centrale Sicurezza
Nucleare e Protezione Sanitaria
Divisione Protezione dell'Ambiente
C.N.E.N.

ROMA

———

Direzione Centrale Sicurezza
Nucleare e Protezione Sanitaria
Divisione Protezione dell'Ambiente
C.N.E.N.

ROMA

Direction de la Santé Publique
LUXEMBOURG

Hoofdinspectie Volksgezondheid

en Milieu Hygiene

Ministerie van Volksgezondheid en
Milieu Hygiene, Sector Straling

LEIDSCHENDAM

Hoofdinspectie Volksgezondheid

en Milieu Hygiene

Ministerie van Volksgezondheid en
Milieu Hygiene, Sector Straling

LEIDSCHENDAM




OPDENKAMP A.

VAN DAATSELAAR C.J.

United Kingdom

BRYANT P.M.

CARR J.A.

HOOKWAY B.R.

MITCHELL N.

ROBERTS G.C.

STOTT G.

Representative of the

U.S. Energy Research and

Development Administration

ZAVADOVSKI R.
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Hoofdinspectie Volksgezondheid

en Milieu Hygiene

Ministerie van Volksgezondheid en
Milieu Hygiene, Sector Straling

LEIDSCHENDAM

Ministerie van Sociale Zaken
VOORBURG

National Radiological Protection Board
HARWELL

Ministry of Agriculture,
Fisheries and Food
Atomic Energy Branch

LONDON

Department of the Environment
LONDON

Ministry of Agriculture,
Fisheries and Food
Fisheries Radiological Laboratory

LOWESTOFT

National Radiological Protection Board
HARWELL

H.M. Industrial Pollution Inspectorate
for Scotland
Scottish Development Department

EDINBURGH

Scientific Advisor
United States Mission to
the European Communities

BRUXELLES




— ——— -

Representatives of the

Commission

PELE J.P.

VAN CAENEGHEM J.

HAMPE E.A.

LUYKX F.

FRASER G.

VAN BOCKSTAEL G.
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Directorate-General
Research, Science and

Education (ex. III/E)
BRUSSELS

Directorate-General
Employment and Social Affairs

Health and Safety
Directorate

LUXEMBOURG
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