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Foreword [to be completed]

Article 35 of the Euratom Treaty requires that each Member State shall establish the
facilities necessary to carry out continuous monitoring of the levels of radioactivity in air,
water and soil and to ensure compliance with the Basic Safety Standards.

European Commission carries out a programme under Euratom Treaty Article 35 to verify
the efficiency of operation of Member States’ facilities necessary to carry out continuous
monitoring of the level of radioactivity in the air, water and soil and to ensure compliance
with the basic radiation safety standards.

This guidance describes the current technical arrangements used in monitoring both
environmental radioactivity and radioactive discharges, including guidance on relevant
standards and best practice methodologies.

Article 35 verifications can be carried out on a large variety of targets, ranging from
complete national monitoring programmes to individual monitoring devices in facilities using
radioactive substances. This guidance document is not meant to be exhaustive, but it aims to
cover the common methodologies used in monitoring environmental radioactivity and
radioactive discharges. The technical parts of the guidance are based on the Commission
study "Overview of National Radioactive Discharge and Environmental Monitoring
Requirements in the European Union in Furtherance of Article 35 of the Euratom Treaty™".
Unit ENER D3, Radiation protection and nuclear safety, is responsible for updating this
document in line with technical and legal developments.

Luxembourg, XX 2016

Ivo Alehno

Head of Unit ENER D.3
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1 INTRODUCTION

Article 35 of the Euratom Treaty stipulates that “Each Member State shall establish the
facilities necessary to carry out continuous monitoring of the level of radioactivity in the air,
water and soil and to ensure compliance with the basic standards. The Commission shall
have the right of access to such facilities; it may verify their operation and efficiency.” The
Commission therefore carries out a verification programme in Member States (MSs) of the
European Union under Article 35. The primary objectives of these verifications are to
establish the effectiveness of all facilities installed for the measurement of environmental
radioactivity and of radioactive discharges and the adequacy of the environmental
monitoring programmes carried out by both the operator(s) and the authority(ies) in each
MS.

[General intro text to be added]

Section 2 provides an overview of the status of regulatory provisions and their use for
implementing Article 35 over the range of industries and the means by which these
provisions are enforced. Comments are made on variations in practices, comparing and
contrasting different requirements, and presenting views on best practice where relevant.

Section 3 presents a synthesis of the range of sampling and monitoring devices and methods
used in environmental surveillance, comparing and contrasting a range of relevant technical
and administrative factors, highlighting best practice and any sub-standard provisions.

Section 4 presents a synthesis for the measurement of radionuclides in discharges, both in
airborne and in liquid form. Again, a range of relevant technical and administrative factors is
compared and contrasted with comments on best practice and provisions which may be sub-
standard.

Section 5 addresses general verification issues typical for both environmental and discharge
monitoring.

Section 6 of this document outlines the conduct of Article 35 verifications by the
Commission and makes recommendations on the practical arrangements, timing and
selection of verification targets.

Two technical guidance documents are introduced in section 7 and presented in Annexes A
and B. These introduce the methodology, applicable standards and recommended best
practices for environmental surveillance (Annex A) and discharge monitoring (Annex B).
Annexes A and B have been drafted as stand-alone documents for separate use if required.



2 NATIONAL REGULATORY FRAMEWORK

2.1 Regulatory provisions

All EU Member States have regulations in place consistent with the EURATOM BSS Directive
(EC, 1996 and EC, 2013) and for the purpose of implementing Article 35. In some MSs,
provisions have been recently enacted or upgraded to ensure compliance. This includes MSs
with no nuclear power programmes. The following sections examine particular aspects of
regulatory provisions.

2.2 Discharge authorisations

Authorisations according to the BSS Directive for releases of radionuclides to the
environment are in place for the major industries involved. However in some cases for the
mining and NORM industries the authorisation status may need to be confirmed. Which
practices this may apply to in a given MS would need to be established at the time of the
Article 35 verification.

There are differences in application of the principle of optimisation to reduce discharges.
Optimisation is an important feature of the dose limitation process recommended by the
ICRP. Best practice for the authorisation process and on-going operation is to include the
role of optimisation within the envelope set by authorised limits.

2.3 Discharge limits in force

There are four main ways in which discharge limits are expressed in regulations by MSs. The
first, most common, is where the limits are the rates of individual or grouped radionuclides
released, e.g. TBg/y. The second is where the limits are expressed in terms of concentration,
e.g. Bq/m>. The third method is to express the limit in terms of dose to the critical group or
representative person. The fourth method is to use a formula for limitation which allows for
the radiological significance of different radionuclides. Thus there is significant diversity in
expression of discharge limits.

There can be a disparity in the expected level of discharges compared to authorised limits,
i.e. the allowable “headroom”. If limits are set directly on the basis of dose criteria of the
BSS, this can produce a very generous authorisation. Authorisations need to take into
account the principles of justification and optimisation in identifying demonstrable need to
make releases.

Discharge limits need to be reviewed periodically to ensure they are still relevant in the light
of changing operational needs but also in view of changing radiological circumstances, e.g.
critical groups, exposure pathways and peoples habits. Such reviews should take place over
the timescale during which such changes may be expected to happen, probably about 5
years for most sites, according to radiological significance. This is an essential part of active,
rather than passive, management. It is not clear that such reviews happen in all MSs.

2.4 Reporting obligations

There are some wide variations in the reporting of discharges and environmental monitoring
expected of operators by the regulatory bodies, both in amount and frequency.
Requirements vary from no reporting at all, through daily monitoring, to continuous on-line



reporting of some parameters at nuclear facilities, as well as special reporting of exceeding a
notification level. The required reporting is usually specified in the site authorisations, and
tends to be site-specific. Best practice is to involve, for all facilities, a need to report
potential breaches of authorisation or exceeding a notification level rapidly, e.g. within 24
hours, with ongoing discharge levels and environmental concentrations being reported
monthly or quarterly, depending on radiological significance. All nuclides specified in the
authorisation should be reported, plus any others detailed in the authorisation
documentation. This should also apply to component discharge streams where specified in
the authorisation. An annual summary should be produced, suitable for publication.

Availability of data to the public is a matter, which should be discussed during each
verification. There are large variations between MSs — some MS produce a national report
on the radiological status of the environment on annual basis and may also issue site-specific
reports on monitoring results whereas some MS make data available only when specifically
requested either by individual citizens or by environmental organisations. Similarly, some
MS make the dose rate data from automatic monitoring networks available on-line, whereas
others do not.

Regardless of the national policy for making data available to the public, each MS has an
obligation to report the results of the environmental monitoring to the European
Commission under Article 36 of the Euratom Treaty. It is indeed possible, although
undesirable, that the only way a private citizen can have information about the radiation
status in his/her own country is to consult the Commission, either via Article 36 reports or
the EURDEP website for on-line data.

2.5 Environmental surveillance

There is a generally harmonised view amongst MSs that it is mainly the nuclear fuel cycle
establishments (including those with research reactors) which need to have environmental
surveillance programmes as part of regulatory provisions. The radiological implications of
other sites are almost universally adjudged to be small enough to be estimated, if necessary,
by modelling calculations based on discharges rather than environmental monitoring. This
observation includes the non-nuclear MSs, where no regulatory programmes are specified.
There are a very few exceptions to this observation in connection with NORM industries
(including mines) and larger medical facilities. The regulatory provisions for surveillance are
usually expressed through individual site authorisations, where they are amenable to
adjustment in the light of changes in discharges and radiological factors such as changing
critical groups. Whether the assumption about radiological significance remains true for
non-nuclear establishments needs to be kept under review, and flexibility maintained to
specify surveillance near a given site if doses to the critical group become significant.

There is significant diversity in the range and amounts and frequencies of environmental
surveillance for given industry sectors specified as part of regulatory provisions. Programmes
range from very little surveillance other than continuous external dose rate monitoring,
through fairly limited programmes involving external dose rates, air, water and soil, to more
intensive programmes also involving milk, foodstuffs and other indicators. Surveillance
carried out by the regulators also varies, again from very little to substantial, even
duplicative, programmes. The “polluter pays” principle implies that the operator should
carry out the bulk of the environmental surveillance, with the regulator carrying out a
smaller, but effective, check programme covering the essential pathways and thereby
verifying the operator’s results as they may apply in more detailed areas.



2.6 Discharge monitoring

The majority of MSs have regulatory provisions for monitoring of radioactive discharges
from all except the smallest waste-producing sectors, not just those of the nuclear industry.
A minority of MSs require monitoring of discharges only from their nuclear establishments,
and a few non-nuclear MSs do not have regulatory provision for monitoring of discharges.
Where there is no discharge monitoring, as for some small laboratories and hospitals, any
necessary quantification of discharges required to demonstrate compliance with
authorisations is carried out by stock and usage assessments. The regulatory provisions for
monitoring discharges are usually expressed in individual site authorisations, though in a few
MSs there is a standardised ordinance and/or regulatory guide in which the requirements
are specified.

Compared with environmental surveillance, for a given industry group there is less diversity
in the discharge monitoring carried out, with release points being monitored for relevant
radionuclides. However the extent of check monitoring by regulatory bodies does vary: in
some cases there is no regulators’ programme; in others either liquid wastes or gaseous
wastes are omitted; in other cases there is much duplication.

Best regulatory practice for discharge monitoring would be for the authorising body to
specify a monitoring programme in which all discharge streams are sampled and analysed
(or directly monitored) to provide quantification of the releases to the environment. This
programme should be set out as part of the authorisation, or in other ways. Substandard
practice is to rely on assessments of source usage, though for very small users this may be
acceptable. In addition to the operator’s programme, a smaller check programme should be
carried out by the regulator. This check programme should involve witnessing of sampling if
samples of effluents are taken by the operator.

It is noted that on 18 December 2003 the European Commission recommended standardised
information on reporting of radioactive airborne and liquid discharges into the environment
from nuclear power reactors and reprocessing plants in normal operation
(2004/2/EURATOM).

2.7 Obligatory technical requirements

A few MSs have regulatory guides which are part of the statutory provisions, and these also
specify relevant technical requirements. Best practice would seem to be for all technical
requirements to be spelt out transparently for the operators and all stakeholders. This can
be achieved either though a comprehensive set of authorisation documents for a given site
or a combination of site-specific documents with an authoritative regulatory guide.

2.8 Enforcement

The provision for enforcement varies amongst MSs from a low level at some small, non-
nuclear countries, to more elaborate systems in MSs with nuclear programmes. A minimum
requirement would start fro9+m the principle that the regulatory body that grants
authorisations according to Directive 96/29 EURATOM for disposals of radioactive wastes
should be clearly independent of any body representing the interests of that industry, with
powers to, and capable of, enforcing the conditions laid down in the authorisations. In most
MSs the regulatory bodies include inspectors who are empowered to enforce the conditions
laid down in the site authorisations. This represents best practice, but what is also important
is the extent to which inspectors are used to oversee the conditions of authorisation. In



some MSs regulatory bodies merely examine reports from operators. However to enable
effective regulation including early awareness of potential problem areas, more active
liaison is needed, albeit at a lower frequency for minor users. Inspector effort should reflect
the radiological importance of the facility. In some MSs there are inspectors on permanent
attachment to particularly important facilities. Examples of the areas of work that inspectors
should carry out as part of their overall duty to enforce compliance with authorisations
include:

e Invigilating site operations which affect discharges to the environment
e Invigilating optimisation of operations to reduce discharges

e Invigilating monitoring of discharges by the operator

e Invigilating monitoring of the environment by the operator

e Checking of reports produced by the operator

e Organising independent check monitoring and analysis of discharges and
samples (includes witnessed sampling)

e Organising independent check monitoring and analysis of the environment and
samples (includes witnessed sampling)

e Investigating discrepancies in operator data

e Investigating discrepancies between operator data and independent check
monitoring data for discharges and the environment

e Investigating breaches or suspected breaches of notification levels or
authorisations themselves

e Undertaking unannounced inspection visits

To carry out these duties, inspectors need to have powers delegated to them (or able to set
in train the powers of the authorising body) to be able to enforce specific actions or to
prohibit specific operations, as well as to be able to take appropriate legal action if needed.

Some MSs’ authorising bodies use, or have used in the past, contractors to carry out
inspection activities. Whilst this practice may provide a satisfactory outcome, it requires
considerable caution to ensure that the contractor continues to act in the interests of the
authorising body and has no other function which may lead to a suspicion (e.g. by a member
of the public) of dual allegiance, leading to loss of credibility.

2.9 Independent oversight

This term, “independent oversight” is understood by MSs as the mechanism for invigilation
of operators’ activities, as carried out by the authorising body. This type of oversight is
essentially covered by the previous section on enforcement. However the word
“independent” may also be understood as separate both from operators and government,
and would apply if a third body were providing oversight. This body may represent other
stakeholders, such as the public living near a particular facility. Some facilities in a few MSs
have local stakeholder groups, or “Local Liaison Committees” to provide a channel of
communication with those affected by operation of site facilities. Such groups may receive
or hear reports from site operators and/or authorising bodies and form their own views on
adequacy of control measures. It can also advise on the practicality of local plans in case of a
site emergency. Best practice for all major facilities, especially those with nuclear operations,



would be to have some degree of stakeholder involvement, meeting perhaps twice a year, to
be apprised of site developments and to allow feedback.

3 TECHNICAL PROVISIONS FOR ENVIRONMENTAL
MONITORING

3.1 Introduction

The information on environmental monitoring provided is summarised in common format in
the accompanying tables of data to Annex A. The range of types of monitoring reported by
MSs is covered in this section and follows the listing in Annex A, Table C 1.

3.2 Sampling and monitoring methodology

3.2.1 Gamma dose rate monitoring

Each of the following types of gamma dose rate monitoring may represent best practice in
the circumstances mentioned, depending on the objectives.

The basic instrument used across all industrial sectors in view of its low cost is the energy-
compensated Geiger-Mueller (GM) counter or the more sensitive but less common Nal-
scintillator which exist in a number of manufacturer’s types. These are used where portable
instruments are called for, e.g. at unsecure and varying locations. Readings are spot readings
taken usually at 1m height over, say, 5 minutes and usually repeated close by to ensure
representativity and to eliminate errors. Instruments require regular calibration (e.g.
annually) against relevant standards; Cs-137 is usually used if the instrument is to be used to
measure dose rates from man-made radionuclides including fission products or Ra-226 if the
enhanced radiation is of natural origin. Appropriate facilities are needed for calibration and
in many cases instruments are dispatched to a central laboratory with the necessary
calibration sources which should be traceable to national standards. It is also possible to use
high-pressure ionisation chambers to measure ambient gamma dose rate. These are capable
of good accuracy but are generally in fixed locations and rather large for portable use.

For integrated dose measurements over time at secure locations, usually around nuclear
facilities, arrays of thermoluminescent dosimeters (TLDs) are in use though these are in
many cases being replaced by on-line GM counters (see below). TLDs are normally collected
quarterly and read using TLD readers, providing an integrated dose. They can be collected
and read during an emergency, though the results will be delayed compared to the on-line
method. TLDs need to be calibrated using appropriate standards as above, and laboratory
facilities need to be more elaborate with TLD reading machines.

Dose rate readings over short timescales (e.g. minutes) can be obtained from an array of
multiple, networked GM or scintillation counters which are now provided around many
nuclear facilities as well as for national monitoring purposes. These counters can be set to
alarm at given dose rate levels set appropriately to allow for ambient background levels
depending on local geology. Instruments need checking and recalibrating on the same
timescale as the portable instruments, and appropriate laboratory facilities are needed to
ensure uniform performance.



3.2.2 Airborne particulate sampling

(a) Medium or high volume air sampling

These samplers consist of an appropriate airborne dust filter through which air is drawn by a
motor and air pump; good sampling rates (medium volume ~10 m*/h; high volume >100
m?/h) are needed to collect sufficient airborne radioactivity for counting, and decay time is
usually allowed following removal and prior to counting for radon daughters to be
eliminated. The result is an integrated concentration over time, usually 1-2 weeks. Filters are
analysed for alpha, beta or gamma emitters in a suitable laboratory. Gamma emitters are
usually measured non-destructively using gamma spectrometry. Alpha emitters are
measured non-destructively by use of a ZnS screen and scintillator or semiconductor surface
barrier detector. Beta emitters may be measured with a plastic scintillator. Alternatively,
better measures of alpha and beta activity may be obtained destructively using
radiochemical analysis, however this is more labour-intensive and time-consuming. The
sampling rate needs measurement with a flow meter and allowance should be made for the
fall in sampling rate with filter loading. Some samplers are self-compensating for this.

(b) Passive cloth collectors

These collectors are pieces of cloth (sometimes impregnated with a sticky resin) mounted on
a suitable frame and suspended at locations around a facility to pick up airborne
contamination. They are removed after a period (2-4 weeks) and analysed. These collectors
have the advantage that no power supplies are needed and are of very low cost, but they
are only indicative of contamination and do not provide measurements in Bg/m>. The main
use would be to trigger more quantitative monitoring. They would not generally represent
“best practice” except as a low-cost indicator.

3.2.3 Airborne iodine sampling

In order to sample airborne iodine (I-131) in emergency situations the air samplers can in
most cases be fitted with activated carbon filters, which accumulate iodine from the airflow.
lodine is not present in normal circumstances, so the cartridges are used only if a reactor
accident has taken place and there is a possibility of a release of radioactive iodine.

3.2.4 Deposition collectors

These consist of a large tray or funnel of known area which drains into a tank or bottle; the
liquid is removed at intervals (up to a month) and analysed for alpha, beta or gamma
emitters. These collectors are not especially site-specific, being more of use for fallout and
activity of distant origin.

3.2.5 Grass/herbage

This monitoring may be used as an indicator of contamination which may be of potential
concern for e.g. food pathways. Samples of grass from an undisturbed location are cut over a
measured area (or number of areas from a wider plot) and analysed for radionuclides.
Consistency is needed (i.e. an agreed protocol) on the depth of grass and elimination of soil.

3.2.6 Soil

Soil is a useful indicator of contamination which may be of concern in food pathways.
Samples are taken over a measured undisturbed area or areas down to a measured depth
(usually 2-5 cm). Cores may be taken to greater depth using a coring device if the
radioactivity distribution with depth is needed. Consistency is needed on root removal,



removal of stones and homogenising. Samples are analysed for alpha, beta and gamma-
emitting radionuclides.

3.2.7 Milk and dairy products

Milk and dairy product monitoring is an important direct measure of a potential radiological
exposure pathway. Representative samples are collected from a farm in the locality of the
facility (or from a supplier if the sampling is over a wider area, or part of national
monitoring) and analysed for radionuclides in an appropriate laboratory.

3.2.8 Cereals

Again, this is an important direct measure of a potential radiological exposure pathway.
Relevant cereals are sampled representatively from the locality of the facility, or over a
wider area for national monitoring, and submitted to an appropriate laboratory for analysis
for radionuclides.

3.2.9 Meat and meat products

These are sampled where they can form an important part of the diet and are produced
locally. Sampling, including of the appropriate parts of animals, should be representative of
what is actually eaten. Samples are transported to an appropriate laboratory for analysis for
radionuclides. As for all food analyses, preparation should be the same as used for eating,
discarding the non-edible fraction.

3.2.10 Eggs, honey, game, wild berries and mushrooms

These can be important foods in the vicinity of a facility and are often sampled where they
form part of the local diet. Again the emphasis is on representative sampling, e.g. for the
appropriate edible parts of the relevant foods.

3.2.11 Fruit and vegetables

These are also representatively sampled where relevant and sent to a laboratory for
radionuclide analysis. Peel and outer, non-edible parts are discarded.

3.2.12 Wildlife

This category represents animals not usually eaten; edible animals are included in section
4.2.9. The main principle would be to sample representatively of wildlife in the relevant
locality.

3.2.13 In-situ gamma spectrometry

In-situ gamma spectrometry can be used as an addition to portable monitoring of gamma
dose rates, and the results are spot measurements. The advantage is to obtain a spectrum of
the effects of the whole range of gamma emitters of local importance mainly from deposited
activity, though detectors are sensitive to airborne discharges and direct gamma radiation
from facilities. The detectors are usually of the Ge type to obtain the best resolution but
Nal(Tl) scintillators may also be used, connected to a pulse-height analyser with appropriate
software to convert measured spectra into activity (Bq/m?) or dose rate. Instruments require
calibration against mixed nuclide sources, and this is carried out in an appropriate
laboratory. Measurements are conventionally made at 1 m height and the ground needs to
be level for the calibration to be correct.



3.2.14 Surface water

Surface water is often monitored to check the effect of local liquid discharges; it can be a
source of drinking water and therefore of dose to the local population, or be an important
indicator of the releases. Spot samples may be made into suitable containers or continuous
samples taken using appropriate samplers. Tracers or preservatives to prevent algal growth
may be added prior to transport to a suitable laboratory for analysis for alpha, beta or
gamma-emitting radionuclides. Samples may be filtered prior to analysis to obtain the solid
fraction.

3.2.15 Ground water

This refers to water within the ground and is sampled from a borehole often drilled for the
purpose. Sampling is usually of a spot amount into a suitable bottle or container, and then
treated as in section 4.2.14 prior to transport to the laboratory.

3.2.16 Drinking water

This represents sampling of a direct radiation exposure pathway. There is a specific
European Directive on monitoring radioactivity in drinking water (EC, 2013). Sampling is
from a water supply used for drinking by the public, into suitable bottles and treated as in
section 4.2.14 prior to transport to a laboratory.

3.2.17 Freshwater sediment

This can be a source of exposure to people near river banks or lakes from external irradiation
and/or inhalation of resuspended material. In addition, sediments can be indicative of
contamination of importance. Samples should be of the surface (up to 1 cm) and taken from
a range of locations over a radius of e.g. 5 m to ensure representativity. Cores may be taken
if the distribution of radioactivity with depth is needed. Samples are transported to a
laboratory for radionuclide analysis. A protocol is needed to ensure consistency over
removal of gravel or stones.

3.2.18 Leachate

This is essentially water seeping from ground which is potentially contaminated or in which
wastes may be present. It can be a source of contamination of the water supply and is
indicative of the activity present in the ground becoming remobilised. Samples may be taken
directly or from boreholes in appropriate containers and may be treated as in section 4.2.14
prior to transport to a suitable laboratory for analysis.

3.2.19 Sewage and sludges

Monitoring of these materials is used as an indicator of contamination which may be present
as part of low-active waste disposal under authorisation, or contaminated by a non-
authorised release. Sampling of the liquid fraction would be as for waters and sampling of
sludges would be as for sediments. Appropriate homogenisation is needed.

3.2.20 Road drain sediment

This is used as a convenient indicator of contamination on roadways usually from
atmospheric deposition. Sediments are removed from drain settlement pots or chambers
into suitable containers and transported to a laboratory for radionuclide analysis.
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3.2.21 Waste water

This is used as an indicator of contamination in streams of industrial effluent which are
normally classed as non-radioactive. Sampling is as for other waters with transport to a
suitable laboratory for analysis.

3.2.22 Freshwater fish/shellfish

These organisms may be eaten, in which case they would be a direct representation of a
public exposure pathway, or they can act as useful indicators of radioactivity present in the
freshwater environment, as they may concentrate particular radionuclides. Samples are
taken by normal fishing methods or by electrofishing, and transported to the laboratory for
preparation, storage by freezing and subsequent analysis using suitable techniques.

3.2.23 Freshwater plants

These too may be eaten or can act as useful indicators of radioactivity present, having the
advantage of integrating over time in a fixed location. Sampling should be of recent growth
and into suitable containers prior to transport to the laboratory for analysis.

3.2.24 Estuary/coastal dose rate monitoring

This usually takes the form of gamma dose rate monitoring using portable instruments as
described in section 4.2.1 as the measurement locations tend to be non-secure, but fixed
detectors are possible. Monitoring can also take place using in-situ gamma spectrometry
(section 4.2.13). The methodology is the same as in these sections.

3.2.25 Contamination monitoring: fishing gear, etc.

Fishermen and those working in the marine/aquatic environment can receive dose to hands
and other parts of the body due mainly to beta-emitters adsorbed on sediments which
become entrained in fishing gear. This is monitored using a wide range of available
contamination monitors, usually based on thin-window gas proportional counters.
Monitoring needs to follow an established protocol to ensure consistency. Appropriate
facilities are needed for calibration in terms of contamination by the appropriate
radionuclides and in many cases instruments are dispatched to a central laboratory with the
necessary calibration sources which should be traceable to national standards.

3.2.26 Estuary/coastal contamination monitoring: small particles

Particles of contamination may have been released to the marine environment or may have
accumulated on objects or organisms; they may become released and deposited on beaches
or other substrates where they can present a hazard to the public. Monitoring takes place to
locate such particles, which usually contain alpha and/or beta emitters. Monitoring devices
can be deployed on moving vehicles if the substrate is amenable, or hand-held instruments
are used. Detectors are usually based on thin window gas proportional counters or
scintillation counters. Alpha contamination is most usually detected by its association with
beta emitters. Once located, particles are removed and transported to a suitable laboratory
for further characterisation and analysis. A wide range of laboratory facilities is needed to
carry out the necessary identification.

3.2.27 Sea water

Monitoring of sea water is used as an indicator of radioactivity present from releases of
radioactivity to the marine environment. In itself it represents only a minor pathway for
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direct exposure of the public through swimming, boating, inhalation, etc. It is usually more
effective as a measure of dispersion/dilution of radioactivity for use in dose assessment
models. Samples are taken of sea water from the surface or at different depths using
suitable sampling equipment, and transported to a suitable laboratory for analysis. With
appropriate research vessel capabilities some analyses may be carried out whilst on board
ship.

3.2.28 Estuarine/coastal sediments

This can be a source of direct exposure to people on estuarine coasts or beaches from
external irradiation or inhalation of resuspended material. In addition, sediments can be
indicative of contamination of importance. Samples should be of the surface (up to 1 cm)
and taken from a range of locations over a radius of e.g. 5 m to ensure representativity.
Cores may be taken if the distribution of radioactivity with depth is needed. Samples are
transported to a laboratory for radionuclide analysis. A protocol is needed to ensure
consistency over removal of gravel or stones.

3.2.29 Seaweed

Some seaweeds may be eaten giving a direct exposure pathway; alternatively, seaweeds
may be good indicators of particular radionuclides. Care may be needed in selection of
appropriate and consistent species. Samples should be taken from new growth. Consistency
is needed in sampling and processing prior to analysis for radionuclides at a suitable
laboratory.

3.2.30 Sea fish

Fish are usually monitored as a direct food consumption pathway. The species needs to be
selected appropriately, and the sizes need to be typical of what are regularly caught and
eaten. It may be best practice to sample from a commercial supplier provided one can be
sure of the location of catches. A number of fish should be taken to provide a statistically
representative sample. Preparation should be done to replicate the practices of consumers
and the sample homogenised prior to analysis for radionuclides.

3.2.31 Sea fish meal

Fish meal is the product of industrial fishing or recycling of fish offal and provides a food
source for pigs, poultry and farmed fish. Hence it represents an indirect pathway for public
radiation exposure, and sampling is also done for indicator purposes. Samples need to be
sourced appropriately prior to homogenisation and analysis at a suitable laboratory.

3.2.32 Sea shellfish (crustaceans, molluscs)

Generally, the same principles apply as for fish, with the advantage that shellfish tend to be
more sedentary and location-specific, and usually having greater uptake factors for non-
soluble radionuclides. Preparation methods (as for fish, following the practices of
consumers) need to be set down clearly to enable consistency.

3.3 Monitored radionuclides

For the reprocessing plants in the EU, comprehensive environmental monitoring
programmes are carried out as may be expected, and the radionuclides monitored reflect
their radiological importance and the rates of discharge (in TBq/y). Radionuclides tend to be
analysed specifically, without undue reliance on gross measurements of alpha or beta
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activity to cover for them. Transuranic nuclides feature widely in the monitoring near these
establishments, again reflecting the potential for discharges and doses received.

For the uranium facilities (mining/milling; enrichment; and fuel fabrication), the extent of
monitoring, especially of mines (including those decommissioned and being
decommissioned) is variable across the EU, and it is possible that some facilities may not be
subject to adequate monitoring. However where monitoring is done, it is generally for
appropriate radionuclides (uranium, radium and daughters; thorium and daughters;
technetium-99 in the case of reactor-recycled U). Sometimes the monitoring is
supplemented by gross alpha and beta monitoring.

In the case of nuclear power stations, the radionuclides discharged are a function of reactor
type. Thus it is difficult to compare all nuclear power stations together. Even for a given
reactor type, with the PWR being most common, there are variations in philosophy. Some
countries put greater emphasis on the use of gross alpha and/or gross beta monitoring. This
is satisfactory provided that (i) there are resources available to deal with any queries should
a high gross measurement need further investigation and (ii) the laboratory is aware that the
gross measurements are very sensitive to the operator's competence and that the results
may change dramatically with the change of the overall relation between different
radionuclides. Broadly however the radionuclides selected for monitoring reflect the
expected discharges.

Large research establishments, by definition, have a wide variety of activities which generate
different radionuclides in discharges. Broadly the monitoring carried out reflects the
radionuclides mentioned in the authorisations. The issue is slightly different in the case of
research establishments, in that the monitoring programme needs to be flexible enough to
cope with changing research priorities.

Industrial processing establishments (including radiopharmaceutical production); radioactive
waste facilities, and NORM facilities have monitoring programmes (where in operation) set
to focus on radionuclides in line with authorised releases. Medical facilities and small
research establishments do not, in general, have environmental monitoring programmes
carried out either by the operator or the regulator.

3.4 Limits of detection

The lower limit of detection (LLD) is the activity level (Bq or Bg/kg or Bg/m?) at which the
overall count rate can be positively distinguished from the background count rate. It is
defined more quantitatively in Annex A section 9.10.

3.4.1 Gamma dose rates

For gamma dose rates, usually measured either as air kerma rates (in uGy/h or nGy/h in air)
or as ambient dose equivalent rates (in uGy/h or nGy/h), the important measure is the
increase over natural background. This is typically at a level of 0.05-0.1 pGy/h, the lower
level being typical for beach sands and the upper for muddy substrates, but the level can be
much higher in particularly high natural background areas. Best practice would be to be able
to distinguish a level from background by say 0.01 uGy/h over a counting time of 5-10
minutes, as is possible with portable GM devices currently available. This would also be
adequate for networked detectors, which provide an alarm if there is a significant rise in
ambient dose rates. TLD arrays are usually deployed over a long timescale, up to say 3
months, not being intended to provide short-term alarms, and are capable of measuring this
level of increase in ambient level.
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3.4.2 Beta contamination monitoring

Portable beta contamination monitors are used for measuring contamination, for example,
on items of fishing gear which are handled by fishermen in the course of their work.
Detection limits equivalent to dose rates of 0.1 uSv/h are achievable with hand-held devices
and this is adequate, since a fisherman handling gear for say 2000 h/y would then receive a
dose of 0.2 mSv which is only 0.4% of the appropriate limit prescribed in the EU Basic Safety
Standards.

3.4.3 Gross alpha counting

Alpha counting may be carried out for specific radionuclides after suitable radiochemical
separation, or for total or gross alpha activity. LLDs for specific alpha emitters are discussed
in section 4.4.5. Gross alpha counting is often used for monitoring of airborne dust filters
(after a suitable period of decay for radon daughters) and waters. Whilst LLDs depend on the
type of sample and its physical characteristics, typical best-practice LLDs reported by MSs for
gross alpha activity using proportional counters or ZnS detectors are 30-40 mBq, or the
converted quantity in Bg/m> or Bg/L. Gross alpha detection is particularly important for
monitoring of drinking water, where a screening value of 0.1 Bg/L is needed, and better than
this can be achieved using evaporation and proportional counting or liquid scintillation
counting.

3.4.4 Gross beta counting

Similarly, beta counting may be carried out for specific beta emitters after radiochemical
separation (section 4.4.5) or for gross beta activity. Care is needed because the efficiency of
detection of beta particles may fall significantly at low energies. Thus the method used and
beta-emitter used for calibration are important. Whilst, again, LLDs depend on the type of
sample etc., typical best-practice LLDs reported by MSs for gross beta activity using
proportional counters are about 0.1 Bq or the converted quantity in Bgq/m> or Bg/L.

3.4.5 Specific radionuclides

Alpha- and beta- emitting radionuclides are usually measured specifically after suitable
radiochemistry to separate the radionuclide of interest. Gamma-emitters are usually
measured by gamma spectrometry, usually with a Ge detector but Nal(Tl) scintillators are
also used. LLDs, as before, depend on the type of sample and other factors. Typical LLDs
currently achieved are listed in the table below for common radionuclides:

Radionuclide Method Typical LLDs currently
achievable*
Tritiated water Liquid scintillation 5Bq/L
Tritium in solid sample Liquid scintillation 30 Bg/kg
C-14 Liquid scintillation 20 Bg/kg
Mn-54 Gamma spectrometry 0.2 Bg/kg
Co-58 Gamma spectrometry 0.3 Bg/kg
Fe-59 Gamma spectrometry 0.5 Bg/kg
Co-60 Gamma spectrometry 0.2 Bg/kg
Zn-65 Gamma spectrometry 0.4 Bg/kg
Sr-90 Beta counting 0.05 Bg/kg
Zr-95 Gamma spectrometry 0.5 Bg/kg
Nb-95 Gamma spectrometry 0.5 Bg/kg
Tc-99 Beta counting 2 Bg/kg
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Ru-106 Gamma spectrometry 1 Bg/kg
Ag-110m Gamma spectrometry 0.5 Bg/kg
Sb-125 Gamma spectrometry 0.4 Bg/kg
Cs-134 Gamma spectrometry 0.1 Bg/kg
Cs-137 Gamma spectrometry 0.1 Bg/kg
Ce-144 Gamma spectrometry 1 Bg/kg
Eu-154 Gamma spectrometry 1 Bg/kg
Eu-155 Gamma spectrometry 1 Bg/kg
Pu, Am, Cm alpha-emitting Alpha spectrometry 0.0001 Bg/kg or less
radionuclides

Pu-241 Beta counting 0.2 Bg/kg

*For gamma spectrometry, the LLD depends strongly on the type of sample and the other
radionuclides present in a sample

3.5 Continuous measurement versus sampling

Continuous measurement needs to be distinguished both from continuous sampling, which
is done over a period of time and the result integrated, and periodic sampling, which is not
continuous. Continuous measurement has the advantage over both types of sampling that
there is a potential for more rapid information on any enhanced levels which may be of
concern. The disadvantages of continuous measurements are that they are not always
available as an option and the necessary equipment can be expensive. The most common
form of continuous measurement practised by MSs is of dose rates using on-line gamma
dose rate monitors; this technique is suitable to be used for an array around a site or
number of sites, and can give rapid information on levels of concern. There is normally a
finite integrating time, usually some minutes, but in this context the measurement can be
considered as continuous.

Where continuous measurement is unavailable, continuous sampling may have advantages
over periodic sampling to reduce the risk of missing pulses of enhanced activity. However
with environmental monitoring, the effects of raised releases will usually have involved a
period of environmental dispersion thus the risk of missing pulses is lower than for
information on discharges themselves. The types of monitoring most frequently carried out
by MSs are of airborne particulates, using a medium or high volume sampler, and water
samples by continuous sampling from a watercourse.

For environmental monitoring, periodic sampling is often the only option due to the need for
installations to sample continuously, and for such sites to remain secure. Consideration of
the appropriate period between samples needs to take account of the objectives of the
programme and the potential rate of change of radioactivity concentrations.

3.6 Continuity of operation

It is important for MSs to ensure that the monitoring programmes carried out (by both
operators and the regulators) do not suffer interruption. Having stressed the importance of
continuity, it is also important that environmental monitoring programmes are kept under
review to take account of changes in discharges, habits or environmental conditions, whilst
also maintaining some degree of continuity for particular indicators to allow trends to be
followed.
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3.7 Alarms on abnormal results

For environmental monitoring, the main examples of alarms and supporting automation are
the networked arrays of gamma dose rate monitors operated nationally, and in some cases
shared between MSs. There may be two levels of “alarm”: a lower level to indicate a warning
and an upper level representing greater concern. It would not be appropriate to specify
typical alarm levels because they need to be set depending upon local geological conditions
which affect the amount of natural radiation emitted.

For non-automated systems typical of most environmental monitoring, higher results than
normal require some form of action, indeed this is one of the main objectives of the
monitoring itself. The first action would normally be further investigation followed by further
monitoring and if confirmed, leading to more intensive investigation and if necessary
curtailment of releases and/or remediation. Reporting to the regulatory authority would be
expected at an appropriate stage. It would be expected that a system for alerting would be
in place as this is closely related to the purpose of the monitoring. That this is so needs to be
a part of the verification process. It is inappropriate to specify levels for triggering actions as
a number of local factors are relevant. However levels should be traceable to doses to the
public as fractions of the dose limit.

3.8 Data management and values below the detection limit

Data processing at most facilities within MSs, including small establishments, makes use of
computer technology with associated software to process analytical data. The software is
often provided by suppliers of the counting devices. In addition, particularly for the larger
facilities, sample management systems may be in use, which provide databases for the
results of monitoring.

There are variations in dealing with values below the detection limit or decision threshold.
For environmental monitoring, the main question is how to combine data, some of which
are positive and some below this threshold. Some organisations take a cautious approach
when combining data of assuming that the radionuclide is present at the decision threshold,
except when there are reasons to rule out its presence (e.g. because the relevant discharge
does not include it). However this same question has been dealt with in relation to
discharges, in recommendations on standardised information [EC, 2003] and the arguments
would be similar here. When combining data, the recommendation is to use, conservatively,
one-half of the decision threshold for those data which are quoted as below it. However if
repeated values are below the threshold and there is no reason (e.g. as before) to expect
that the radionuclide may be present, then it may reasonably be taken as zero.
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4 TECHNICAL PROVISIONS FOR DISCHARGE
MONITORING

4.1 Introduction

The range of types of monitoring is covered in this section and draws on the information
provided in Annex B.

4.2 Sampling and monitoring methodology

4.2.1 Airborne discharge monitoring

For airborne discharge monitoring, continuous monitoring is carried out under most
conditions and is the normal practice; periodical (batch) sampling can only be justified if the
discharge is steady and predictable, and of low radiological significance. On-line systems
with continuous monitoring have the advantage of early warning, with the capability of
alarms and possibility for early stoppage of discharges; however on-line gamma detecting
systems (the most usually used) do not lend themselves to accurate accountancy because of
shielding. Thus for the more potentially significant discharges such on-line systems represent
best practice when provided with additional accountancy where necessary.

Within each category of continuous or periodical sampling, the following physical forms of
airborne releases need to be considered:

- particulates
- vapours (volatilised liquids or solids that can be condensed at lower temperatures)
- gases.

For sampling of particulates, best practice is to sample isokinetically in order to preserve the
particle size distribution and hence volume activity concentration of the discharge. Sampling
methods involve filtration on glass fibre, cellulose (paper) or polystyrene filters. In some
cases a continuous filter strip is used and this has distinct advantages in presenting a time
series of data and continuous measurement, with the possibility of on-line data reporting
and alarms. The latter represents best practice for potentially more significant discharges of
particulates.

The filters are analysed radiometrically to provide a measure of the radioactivity present in
the discharge. For alpha emitting radionuclides, methods are: ZnS detectors; gas
proportional counters; Si surface barrier and PIPS detectors; specific radionuclide analysis
using radiochemical techniques. For beta emitters methods are: GM detectors; gas flow
proportional counters; plastic scintillators; and specific analysis. Gamma emitters are
measured using Nal or Ge spectrometry. Each of these methods may represent good
practice if set up and calibrated adequately. However a preference should be expressed for a
specific radionuclide measurement where this is the objective, rather than using a “gross”
method as a surrogate. Often, however, “gross” methods are used to provide a rapid
method to demonstrate compliance, with the potential for more specific analysis following
release if needed.

For sampling of vapours, the method used and what is best practice depends very much on
the nature of the determinand and the relevant physical or chemical conditions. For
radioiodine, activated charcoal is often used, sometimes impregnated with Nal; depending
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on the chemical conditions, aluminosilicate sieves, impregnated with Ag(NQOs), can be used.
Methods for analysing the filters, usually for radioiodine, involve gamma spectrometry using
Nal or Ge detectors in a suitably calibrated geometry.

For gases, a number of methods are used. Again, what is best practice depends on the
determinand and the conditions, for example:

- bubbler traps - the gas is bubbled through a liquid either to dissolve it or to react
chemically with it. This method is often used to collect tritium. The liquid is regularly
changed and analysed to measure the collected gas.

- wet scrubbers — the gas is passed against a flow of liquid, the surface area usually
increased by the use of glass beads, either to dissolve the gas or for it to react
chemically. Again, the liquid is regularly changed for analysis.

- direct measurement — the gas enters a vessel that is fitted with a measurement device
(e.g. scintillation detector) to give a direct (usually gamma) count. The vessel can be
pressurised to improve counting efficiency, or the gas may be cryogenically separated
(usually for Kr-85). The direct measurement method is usually used for inert (noble)
gases.

Position of sampling equipment on the discharge line needs careful consideration in order to
be representative, and a number of considerations is involved. Examples of good practice
are referred to in Annex B which provides technical guidance.

Analytical methods for liquids from bubblers or wet scrubbers are: evaporation followed by
gas proportional counting; liquid scintillation counting; gamma spectrometry; and
radiochemical separation for specific radionuclides. For direct measurement, radionuclides
are usually measured by Nal or Ge spectrometry. Each method may represent good practice
if set up and calibrated adequately, with a preference for specific rather than “gross”
methods, depending on the need for rapid analysis.

A less preferable method of estimating airborne discharges sometimes carried out for
releases of low radiological significance is to rely on radionuclide source usage, and
knowledge of the processes used at that facility to give rise to radioactive airborne releases.
This method is sometimes employed for discharges from hospitals or small research
establishments. It represents a sub-standard practice at larger facilities and should be
permissible only if releases are very low.

4.2.2 Liquid discharge monitoring

Both continuous sampling of liquid discharge streams and spot or grab sampling of effluents
from tanks or directly from outlets are used for liquid discharge monitoring. Best practice is
to retain control of the discharge, that is, not to release effluent until the radioactivity
content of a representative sample has been measured and cleared for discharge. In this
way an alarm can be raised if necessary. This process most usually takes place in a final tank
(“sentencing tank”). However continuous monitoring of released effluent or, less preferably,
spot sampling, may be permissible if the discharges are of very low radiological significance
and predictable.

Best practice is also for the sample to be representative. This means that continuous
samples should be flow-proportional using an appropriate sampler. Sentencing tanks, if
sampled directly, should be fully homogenised by stirring or recirculating before samples are
taken.
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Guide to best practice on positioning of sampling devices on discharge lines is provided in
Annex B. The samplers need to be positioned such that the samples are representative, and
are placed after any abatement plant and at the last point under control by the operator.

Analytical techniques for liquid discharge samples are as follows:

- for alpha emitters, evaporation followed by proportional or ZnS counting; liquid
scintillation counting;

- for beta emitters, evaporation followed by GM or proportional counting; liquid
scintillation counting;

- for gamma emitters, spectrometry using Nal or Ge detectors;
- specific radionuclide analysis following radiochemical separation.

Each method may represent good practice if set up and calibrated adequately, with a
preference for specific rather than “gross” methods, depending on the need for rapid
analysis.

On-line monitoring of liquid discharges may be carried out, usually using gamma
spectrometry of a hard gamma emitter in view of the shielding effect of the liquid and
pipework. This represents a useful real-time warning device but additional means are usually
needed for accountancy purposes.

In the same manner as for airborne releases, a less preferred method of estimating liquid
discharges sometimes carried out for releases of low radiological significance is to rely on
radionuclide source usage and knowledge of the processes leading to liquid releases. This
method is sometimes employed for discharges from hospitals or small research
establishments. It represents a sub-standard practice for larger facilities and should be
permissible only if releases are very low.

4.3 Monitored radionuclides

For the reprocessing plants in the EU, comprehensive discharge monitoring programmes are
carried out as may be expected, and the radionuclides (or groups of radionuclides in the case
of gross measurements) monitored reflect their radiological importance and the rates of
discharge. Recommendations have been promulgated on standardised information on
discharge reporting for reprocessing plants and nuclear power reactors in normal operation
(EC, 2003). There is some reliance on gross measurements of alpha or beta activity to cover
for specific radionuclides, but this is done for speed of information with the potential for
more specific analysis if needed. Radionuclides are also analysed specifically. Transuranic
nuclides feature widely in the monitoring of discharges from these establishments, again
reflecting the potential for discharges and doses received.

For the uranium facilities (mining/milling; enrichment; and fuel fabrication), the extent of
discharge monitoring, especially of mines (including those decommissioned and being
decommissioned) is variable across the EU and some mines may not be subject to adequate
monitoring. However where monitoring is done, it is generally for appropriate radionuclides
(uranium, radium and daughters; thorium and daughters; technetium-99 in the case of
reactor-recycled U; actinides in the case of MOX facilities). In some MSs initial reliance is
placed on gross alpha and beta monitoring.

In the case of nuclear power stations, the radionuclides discharged are a function of reactor
type. Thus it is difficult to compare all nuclear power stations together. Even for a given
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reactor type, with the PWR being most common, there are variations in discharge
monitoring. Some MSs put greater emphasis on the use of gross alpha and/or gross beta
monitoring. This is satisfactory provided there are resources available to deal with any
queries should a high gross measurement need further investigation.

Large research establishments, by definition, have a wide variety of activities which generate
different radionuclides in discharges. Broadly the monitoring carried out reflects the
radionuclides mentioned in the authorisations. The issue is slightly different in the case of
research establishments, in that the discharge monitoring programme needs to be flexible
enough to cope with changing research priorities.

Industrial processing establishments (including radiopharmaceutical production); radioactive
waste facilities, and NORM facilities have discharge monitoring programmes (where in
operation) set to focus on radionuclides in line with authorised releases.

4.4 Limits of detection

4.4.1 General

The lower limit of detection (LLD) is the activity level (Bq or Bg/L or Bg/m®) at which the
overall count rate can be positively distinguished from the background count rate. It is
defined more quantitatively in Annex A section 9.10.

In the context of discharge monitoring, the LLD should be at a sufficiently low level to be
able to detect increases in concentrations of radionuclides above background which, when
combined with the flow rate, may be of radiological concern, and would be lower than the
level at which an alarm may be triggered to cease discharges, and well below authorised
limits set by regulatory authorities.

4.4.2 Airborne discharge monitoring

The following table provides example LLDs for airborne discharges:

Form of discharge Radioactivity Example LLD,
concentration
Particulate: gross alpha ~1 mBqg/m?
gross beta ~4Bg/m’
Co-60 or Cs-137 ~1 mBqg/m?
Sr-89, Sr-90 ~0.1 mBg/m*
Gaseous: tritium ~100 Bg/m’
C-14 ~ 10 Bg/m’
Noble gases, specific gamma ~10 kBg/m?
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4.4.3 Liquid discharge monitoring

The following table provides example LLDs for liquid discharges:

Radioactivity in liquid discharge Example LLD, concentration
Gross alpha ~ 500 Bg/m>

Specific alpha after analysis e.g. Am-241 ~10Bg/m’

Sr-89, Sr-90 ~ 200 Bg/m®

Tritium ~ 10 kBg/m?

Specific gamma, e.g. Cs-137 ~ 500 Bq/m3

4.5 Continuous measurement versus sampling

Continuous measurement, termed “on line” if the results are channelled electronically to a
central control point, needs to be distinguished both from continuous sampling, which is
done over a period of time and the result after analysis integrated, and from periodic
sampling, which is not continuous. Continuous measurement has the advantage over both
types of sampling that there is a potential for more rapid information on any enhanced
levels which may be of concern. The disadvantages of continuous measurements are that
they are not always available as an option and the necessary equipment can be expensive;
further, they may not provide accurate accountancy of discharges. Continuous measurement
practised by MSs for airborne discharges may be carried out directly using appropriately
placed gamma monitors, or on continuous samplers using GM detectors, proportional
counters, scintillation or semiconductor detectors. Continuous measurement of liquid
discharges may be carried out using gamma monitors appropriately placed on discharge
lines, though the need for this is offset by the usual and preferred practice of retaining liquid
discharges in tanks until accountancy and sentencing is complete.

For discharges, continuous sampling should always be preferred to periodic sampling unless
discharges are known to be steady, predictable and of low radiological significance.

4.6 Continuity of operation

Most MSs have on-going programmes for monitoring of radioactive discharges carried out
by operators as part of their authorisations, and in many cases check monitoring by
regulatory authorities. It is clearly important for MSs to ensure that these programmes do
not suffer interruption. Therefore, best practice would be to have built-in redundancy or
duplication in provision of discharge monitoring devices and procedures against the
possibility of breakdown, or the possibility to retain discharges whilst spare equipment is
brought into operation.

It is always important that discharge monitoring programmes are kept under review to take
account of changes in discharges, plant and equipment developments as well as changes in
requirements of regulatory bodies.

4.7 Alarms on abnormal values

For discharge monitoring, there are alarms and supporting automation usually linked to
continuous measurement or sampling of releases; if alarm levels are exceeded, this would
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trigger cessation of discharge or enabling of filters and/or evacuation of staff. There may be
two levels of “alarm”: a lower level to indicate a warning and an upper level representing
greater concern. It would not be appropriate to specify typical alarm levels because they
need to be set depending upon local conditions.

For discharge data in general, higher results than normal require some form of action;
indeed this is one of the main objectives of the monitoring itself. The first action would
normally be further investigation followed by repeat monitoring or analysis and if confirmed,
leading to more intensive investigation and if necessary curtailment of releases and/or
remediation. Reporting to the regulatory authority would be expected at an appropriate
stage, and often there are trigger levels set for this. It would be expected that a system for
alerting would be in place as this is closely related to the purpose of the monitoring. That
this is so would need to be a part of the verification process. Again it would be inappropriate
to specify levels for triggering actions as a number of local factors would be relevant.
However levels should be traceable to doses to the public as fractions of the dose limit.

4.8 Data management and values below the detection limit

Data processing at most facilities within MSs, including small establishments, makes use of
computer technology with associated software to process analytical data. The software is
often provided by suppliers of the counting devices. In addition, particularly for the larger
facilities, sample management systems may be in use, which provide databases for the
results of monitoring.

For discharge monitoring, decision thresholds as described in Annex B section 9.10 may be
used. The question also arises of how to combine data, some of which are positive and some
below this threshold. Some organisations take a cautious approach when combining data of
assuming that the radionuclide is present at the decision threshold, except when there are
reasons to rule out its presence (e.g. because the relevant discharge does not include it).
This same question has been dealt with in recommendations on standardised information
[EC, 2003] and the arguments would be similar here. When combining data, the
recommendation is to use, conservatively, one-half of the decision threshold for those data
which are quoted as below it. However if repeated values are below the threshold and there
is no reason (e.g. because the relevant discharge does not include it) to expect that the
radionuclide may be present, then it may reasonably be taken as zero.
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5 OTHER MONITORING ISSUES

5.1 Independent oversight - withessed sampling

The normal practice for environmental monitoring, following the widely-accepted “polluter
pays” principle, is for the majority of the work to be carried out by the operator of a given
facility, or a contractor working on his behalf. To maintain public reassurance, this work
needs to be overseen, and this is usually done by the regulatory authority, or again a suitable
contractor (where the choice of contractor would be more crucial, to maintain confidence).
In many cases, particularly those of greater radiological significance, oversight is exercised by
carrying out a parallel, “check”, environmental monitoring programme by the regulator or
contractor. This programme may be a smaller one, and involve sampling of similar or
complementary items or pathways. In some cases samples taken by the operator are shared
with the regulator, either as part of a regular programme or for one-off comparative
purposes (for some samples, e.g. high volume air samples, it might be duplicative for the
operator and regulator to operate independent systems). To provide reassurance that an
operator has taken a prescribed sample at a stipulated time and location, the sampling can
be witnessed by a representative of the regulator. Some MSs’ regulatory bodies have
programmes of witnessed sampling as part of their control measures.

Witnessed sampling is to be encouraged as another control available to a regulator whether
or not there is a separate regulator’s environmental monitoring programme, but particularly
if there is not. It is important that the witness is truly independent of the operator, and not,
for example, a representative of the same contractor as is carrying out work for the
operator.

5.2 Role of accreditation of procedures

The need for accreditation of monitoring and analytical procedures is increasingly
recognised amongst MSs, with many of the regulatory authorities' analysts as well as
operators now reporting that their procedures are accredited. Accreditation plays an
important role in assuring users of the data that the results have been derived following
recognised standards, and may be accepted by other MSs as meeting these standards, as a
desirable objective across the EU. Thus, whilst laboratory techniques may be adequate, not
being accredited is becoming less than the norm, even sub-standard. For some facilities
there is no accreditation. Some facilities are working towards it. Some facilities have
accreditation to I1SO 9001 [ISO, 2000], however this is a generic standard and does not
address the technical aspects relevant to environmental or discharge monitoring. For this
purpose ISO 17025 [ISO, 2005] has become the reference standard, including the technical
requirements for measurements, sampling and laboratory analysis. Many facilities are now
accredited to this standard, and it is best practice. Conformance is usually invigilated by
national accreditation bodies.

Accreditation includes the need to carry out suitable intercomparison exercises, without
which the reliability of data goes unchecked. Such intercomparisons should include relevant
exercises carried out at international level to ensure comparability of data between MSs.
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5.3 Availability of written procedures

One of the first essentials of good practice, including with radiation monitoring, is to have,
and to follow, clearly written procedures for carrying out of all aspects of the work.
Accreditation depends on the existence and following of such written procedures. Without
such procedures, the monitoring and analysis would certainly be very sub-standard. It is
emphasised that the existence of written procedures is only a first step towards a
comprehensive quality management system.

5.4 Adequacy of laboratory facilities

Laboratory facilities provided by both operators and regulators need to be fit for the
purposes of the monitoring programmes they are required to support. There are also
associated issues such as provision of the necessary staff, motivation and training which are
important resources for effective working. There are a number of pointers to the overall
effectiveness of a laboratory. One would be to examine performance in intercomparison
exercises, which all competent laboratories should carry out. Indeed it is a condition of
accreditation. Another is the timeliness of the results reported; undue delays are
unsatisfactory and may lead to necessary action being taken at a late stage. An effective,
albeit manpower consuming, method would be to visit relevant laboratories during a
verification mission and discuss resources with local staff.

5.5 Level of computerisation including data transfer systems

Data processing at most facilities within MSs use computer technology, especially for the
more modern types of counting equipment such as spectrometers and scintillation counters.
This is true also at some of the smaller facilities as well as at the large establishments. Even
the older types of counting equipment, such as GM and proportional counters, rely on signal
processing techniques and computerised data storage. Newer detection systems have
associated software to process analytical data. This software is often provided by suppliers
of the counting devices. Thus a level of computerisation is required by the nature of the
work being done. Its advantage is the ease with which large amounts of data can be quickly
processed; the disadvantage is in the risk of erroneous programming and uncritical
acceptance of the results.

Following the gathering of data by separate counting systems, particularly for the larger
facilities, sample management systems may be in use which transfer the data and provide
databases for the results of discharge monitoring. These systems often include various
quality assurance checks. It is essential that these systems are specified appropriately for the
required tasks and collation of data; the main objective is usually to produce a report for the
facility management, regulatory body or, possibly in abridged form, for the public.

5.6 Stakeholder involvement

For the more radiologically significant or otherwise sensitive facilities, there can be local
“stakeholder” groups. Such groups consist of representatives of the local community who
have an interest in the operations of that facility and its effects. Members of stakeholder
groups represent, for example, the operators, the regulatory bodies, the local district
authorities and elected representatives, the emergency services, and possibly relevant
interest groups although these might be represented by their elected local authority
members. Meetings would preferably be chaired by an independent person, but chairing
could alternate between the operators and local authority. Such groups are already
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organised in some MSs (e.g. with the name “Local Liaison Committees”). The agenda of
meetings could typically include updates on the facility and plant operations, the levels of
discharges, the results of environmental monitoring, and developments in emergency
planning. The purpose is to provide information and allow any concerns to be raised, and act
as a channel of information to the public local to the facility and indeed further afield.
Stakeholder groups can also be seen as another part of “independent oversight”.

6 VERIFICATIONS UNDER THE ARTICLE 35 OF THE
EURATOM TREATY

6.1 Scope of verifications

Conduct of Article 35 verifications is described in the Commission Communication
"Verification of environmental radioactivity monitoring facilities under the terms of Article 35
of the Euratom Treaty - Practical arrangements for the conduct of verification visits in
Member States to the Member States (2006/C 155/02)" of 4 July 2006. Communication is not
legally binding, but the Commission follows its text closely when carrying out the verification
programme.

The industrial sectors subject to Article 35 verifications can be defined as follows:
1. Reprocessing plants
2. Mining, milling etc. of U and Th
3. Enrichmentof U
4. Fabrication of nuclear fuel
5. Nuclear power stations
6. Large research establishments (including research reactors)
7. Industrial processing and radiopharmaceuticals
8. Radioactive waste facilities
9. Facilities processing naturally occurring radioactive materials (NORM)

10. Medical facilities using radioisotopes (radionuclides for radiomedicine or
radiodiagnostics)

11. Research establishments

This classification is similar to that used within the context of Article 37 of the Euratom
Treaty. The Commission holds the view that the environment starts where the discharges
pass out of operational control and that Article 35 verifications therefore include the
facilities for monitoring the aerial and liquid discharges of installations. Such facilities may be
located within or outside the installation’s premises.

In each MS there is a national environmental monitoring programme in addition to any
specific site-related monitoring programmes. Indeed for some MSs (particularly those
without nuclear power programmes) the national programme forms the majority of the
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environmental monitoring for radioactivity. National programmes, as well as providing
surveillance for extraneous sources and accidents (e.g. Chernobyl), also fulfil the
requirements to report data to the Commission under Article 36. The objectives of national
programmes are separate from site-specific regulatory requirements, both being relevant to
verification under Article 35.

The primary objective of the Commission’s verifications is to satisfy itself of the operation
and efficiency of the facilities established for the measurement of environmental
radioactivity and of radioactive discharges and the adequacy of the environmental
monitoring programme. The scope of the conclusions to be drawn from the verifications
does not include any assessment of the source or the magnitude of the environmental
impact of discharges or the levels of radioactivity in the environment, i.e. the Commission
does not judge the discharge limits laid down by the national authorities.

An important task of the verification programme is to foster the harmonisation of methods
for the measurement of environmental radioactivity and of radioactive discharges.
Therefore the Commission continuously compares arrangements under verification to
similar arrangements in other MSs.

Commission verifications should enable a judgement to be made as to the:

(a) Operation of the environmental and discharge monitoring facilities, i.e. their set-up
and use in accordance with the design characteristics of the equipment or
measuring devices used,

(b) Suitability of sampling and sample preparation methods,

(c) Suitability of analytical methods,

(d) Compliance with any national requirements in terms of sampling and analysis,
(e) Efficiency, defined as the effectiveness of the equipment in the monitoring

undertaken (sensitivity, detection parameters, etc.),

(f) Management of records of radioactivity discharges and of environmental
monitoring results,

(g) Management of sample archives where applicable,
(h) Data handling and reporting procedures,
(i) Quality control measures, including participation in intercomparison exercises.

National accreditations will not be questioned.

Part of the verification consists of checking the consistency of the actual set-up of
