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PRINCIPLES OF MONITORING FOR RADIATION PROTECTION OF
THE POPULATION: SUMMARY OF ICRP RECOMMENDATIONS

General Objectives of Monitoring
The major objectives of monitoring programmes are:
- to assess actual or potential doses to critical groups and populations from the
presence of radioactive materials or radiation fields in the environment, resulting
from normal operations or accidents.
- to demonstrate compliance with authorised limits and legal requirements.
- to check the condition of the source, the adequacy of operation of the plant and, to
some extent, the effectiveness of effluent control.

In general, source monitoring will be carried out by the operator of the installation or
practice. Routine environmental monitoring programmes related to a particular
source may be performed by operators, by appropriate national authorities, or by
both. In addition to the need for monitoring programmes related to particular
installations, appropriate national authorities may institute programmes to investigate
the cumulative effect of many different sources or of widely distributed sources, such
as fallout from atmospheric weapons tests or tests conducted underground.

Design of Environmental Monitoring Programmes
Similar sources operating in different environments may require different
environmental monitoring programmes. Each situation is unique as regards
topography, meteorology, demography etc and only very general guidance can be
given.

Source Monitoring
For major installations the source monitoring programmes will need to be
comprehensive. This implies that all routes of discharge of radionuclides will be
sampled sufficiently frequently to provide information on quantities of each
important radionuclide discharged. Other data may also be necessary in order to
assess the impact of discharges, the solubility of released materials, the particle size
distribution for airborne particulates, as well as meteorological and hydrological data.
As experience accumulates during the operational lifetime, the need for and extent of
source monitoring programmes should be reviewed.

Environmental Monitoring
A source may be minor as regards normal operations but may have a significant
potential to cause substantial doses. The programme should be comprehensive in the
local area, rapid in response and be capable of measuring or assessing dose rates and
activity levels not encountered in normal situations. Estimates of collective doses are
usually based on knowledge of the releases of radionuclides. In addition to
measurements directly associated with exposure pathways to humans, consideration
should be given to measurement of activity concentrations in natural or artificially
introduced "indicator" materials, such as seaweeds that are not part of food chains,
because they concentrate radionuclides and may provide a basis for assessments of
trends in activity levels.

Quality Assurance
Quality control applies to all steps of a measurement programme, and includes
sampling procedures, precautions to be taken in transport of samples, initial physical



or chemical preparation, radiochemical separation, measurements of activity, data
interpretation, reporting and record keeping.

Recording
Records should be maintained:
- to demonstrate the adequacy of the monitoring programme,
- to demonstrate that authorised limits have not been exceeded
- to assist in evaluating the impact of a source or practice.
The operator of a source or practice may maintain a complete record of the
monitoring programme undertaken throughout the life-time of that source or practice.

SCOPE OF THE REVIEW

The Swedish Radiation Protection Institute (SSI), the Swedish authority responsible
for setting release limits and for environmental supervision of nuclear facilities, has
identified a need to survey the control of releases and the subsequent environmental
supervision carried out in different countries who operate nuclear facilities.
Information has been compiled, based on a questionnaire distributed to relevant
authorities in September 1992. The questionnaire included queries pertaining to
regulatory aspects and responsibility, as well as more specific questions regarding
radiation protection, monitoring systems and quality assurance.

Twelve countries answered the questionnaire: Cuba, Finland, Germany, Japan, Korea
(South), Lithuania, Luxembourg, Malaysia, Romania, Sweden, Switzerland and
United Kingdom. These countries have contributed with valuable and, in several
cases, comprehensive information. The material is presented as country reports (part
II of the present report) in narrative style, arranged according to the "country report
structure" outlined below. Reference is in some cases made to the Appendix (part III
of the report), which represents the preliminary - and only marginally edited - first
structuring of the received material.

No follow-ups of the questionnaire were performed, thus information gaps in the
original replies remain. Where appropriate and possible, information has been
maintained in original form in the report. In some cases, however, the information
received was unclear, which means that errors may have besn introduced during
adaptation of the material to the country report structure. Values might be given in
different units or be based on different time intervals in the different country reports.
Some information may be out of date, as the programmes are continuously changing.

COUNTRY REPORT STRUCTURE

Each country presentation consider the following areas and is presented according to
the structure given below:

1. NUCLEAR INSTALLATIONS Table 1

2. REGULATORY ASPECTS - RESPONSIBILITY Tables 2.-2.5

2.1 Release limits
2.1.1. Airborne Releases
2.1.2. Liquid Releases



2.2. Dose Limits
2.2.1. Occupational Exposure
2.2.2. Public Exposure
2.3. Environmental Supervision

3. MONITORING SYSTEMS

3.1. Source Monitoring
3.1.1. Airborne Releases Tables 3.1.-3.2.
3.1.2. Liquid Releases Table 3.3.
3.2. Environmental Supervision
3.2.1. Airborne and Terrestrial Pathways Tables 3.4.-3.12.
3.2.2. Marine/Aquatic Pathways Tables 3.13.-3.19.
3.3. Collective Dose

4. WORK ORGANISATION Tables 4.1.-4.3.

4.1. Decision-Making
4.2. Sampling
4.3. Sample Preparation
4.4. Measurements/Analyses

5. QUALITY ASSURANCE

6. STAFF INVOLVED IN THE WORK

7. DOCUMENTATION

CONCLUSIONS

The basic material received in response to the questionnaire does not allow for
drawing far-reaching conclusions. There are, however, some general points of
interest which are summarised below:
- All countries participating in the study carry out both source monitoring and
environmental monitoring
- Monitoring of the source and the close-in zone is the responsibility of the operator
- The environmental monitoring generally includes external radiation, as
radioactivity in air and water, food-stuffs and, to some extent, bio-indicators like
sediment, sludge, etc.
- In about half the number of countries participating in the study, the responsibility
for the environmental supervision is with the national authorities, in the other
countries it is divided between the site operator and the relevant authorities.
- The authorities have in general initiated their own programmes, directed to protect
land and water use, which implies that the work is concentrated on food-stuffs - and
thus the study of terrestrial and marine pathways to man. The work performed by the
authorities is initiated in general to:

a) check the condition of the source
b) demonstrate compliance with authorised dose limits
c) provide data for assessment of actual or potential doses to critical groups
and populations from the presence of nuclear installations or practices.

There are no reports indicating that protection of other biota (non-human) is
considered in the environmental programmes.

The general impression is that many national authorities undertake great efforts in
environmental monitoring. Examples of countries where the authorities conduct a



comparatively large part of the environmental monitoring work are Germany,
Switzerland, United Kingdom and Finland, whereas in e.g. Sweden, only limited
programmes are carried out by the authorities.,
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CUBA

1. NUCLEAR INSTALLATIONS Table 1.
At present there are no nuclear installations producing electricity in Cuba. The
construction of the first Cuban nuclear power plant was temporarily suspended in
September 1992.

2. REGULATORY ASPECTS - RESPONSIBILITY
National authorities:
The Executive Secretary for Nuclear Affairs (SEAN) is responsible for setting release
limits and foi environmental protection and supervision. The Center of Radiation
Protection and Hygiene (CPHR), under SEAN carries out functions regarding
environmental supervision.

2.1. Release Limits
Release limits have not yet been established. Studies for the definition of the
principles, upon which release limits will be set, are currently in progress.

3. MONITORING SYSTEMS

3.2. Environmental Supervision
The Center of Radiation Protection and Hygiene consists of four laboratories in the
cities of Havana, Cienfuegos, Camagtiey and Holguin. The National Network for
Radiological Environmental Surveillance consists of 55 radiological posts,
distributed all over the country.

3.2.1. Airborne and Terrestrial Pathways
An air monitoring system, or network, comprising three air filtering units at three
different locations across the island, has been set up. Each air collector samples 1
m3/min. The filter is changed daily and the gross-beta activity of the filter is
measured. Filters are stored following the daily measurements, for six months. After
that time, all the filters are pooled into a single sample which is subjected to gamma-
spectrometric analysis.

3.2.2.Marine/Aquatic Pathways Table 3.19.
Monitoring of surface and marine waters is performed at La Quebrada Nuclear
Research Center and at Juragua nuclear power plant. Samples are taken twice a year:
during the dry period, from October to April, and during the rainy season, from May
to September, respectively. The sample volume is 100 liters. Concentration of solids
diluted in the waters is achieved by co-precipitation of caesium and strontium as
carbonates.

4. WORK ORGANISATION

4.1. Decision Making
The Center of Radiation Protection and Hygiene, through its Department of
Radiological Environmental Surveillance, sets the guidelines for the types and
quantities of samples to be taken in each case, depending on the objectives of the
study or the kind of control to be carried out.
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4.2. Sampling
Samples are taken by laboratory technicians in charge of monitoring a specific
region. The sampling is not centered directly on food-stuffs, but on environmental
objects such as soil, grass, sediments etc. Currently, investigations on marine and
terrestrial bio-indicators are being conducted with the aim to include them in the
monitoring programmes.

4.3.-4.4. Sample Preparations and Measurements/Analyses
Each of the above mentioned laboratories in the National System of Radiological
Environmental Surveillance has special laboratories for sample preparations, special
laboratories for spectrometric and radiometric measurements, and a group of
specialists in charge of data processing and presentation of results.

5. QUALITY ASSURANCE
Not specified.

6. STAFF INVOLVED IN THE WORK
Each laboratory has four technicians, one physics engineer and several other
specialists holding Bachelor of Science degree in physics, chemistry and
radioecology. The number of experts range from 6 to 8 depending on the task of the
laboratory.

7. DOCUMENTATION
Data obtained from monitoring the programmes are kept as records. A data bank will
be set up. An annual report is published, containing the results of the measurements,
a brief description of the procedures followed, plus an analysis of the results obtained
in each case.

Abbreviations
The Executive Secretary for Nuclear Affairs SEAN
The Center of Radiation Protection and Hygiene CPHR

14



FINLAND

1. NUCLEAR INSTALLATION Table 1.

BWR 2
PWR 2
Total 4

Total capacity, net, 2310 MWe

2. REGULATORY ASPECTS - RESPONSIBILITY Table 2.1.
National authority: Finnish Centre for Radiation and Nuclear Safety
(Sateilyturvakeskus, STUK)

2.1. Release Limits
The following limits have been set for releases to the atmosphere:

Noble gases (Bq/year as Kr 87-equivalents)
Loviisal&2 2.2 xlO16

TVOI&II 1.8 x lO"

Iodines (Bq/year as 1-131 -equivalents)
Loviisal&2 2.2x10"

TVOI&II 1.1x10"

Releases to the Water Recipient:

Tritium (Bci/vear)Loviisal&2 1.5 xlO14

TVOI&II 1.8 x 1013

Other nuclides (Bq/year)
Loviisal&2 8.9x10"
TVOI&II 3.0x10"

2.2. Dose Limits
The release limits are based on doses to the public. For an individual in the critical
group the dose limit is 0.1 mSv (effective dose). The global committed collective
effective dose to the population truncated at 500 y should not exceed 5 manSv/GW
electrical effect installed.

The dose limits shall not be exceeded as a consequence of any one-year-long period
of normal operation or any single anticipated operational occasion. The limits are
given per installation, i.e. all power producing units, waste treatment facilities
directly related to their operation, intermediate waste stores and repositories, as well
as all other facilities on site.
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3. MONITORING SYSTEMS^)

3.1. Source Monitoring
In rei. (5) details are listed regarding the reactor sites Loviisa 1&2 and TVO 1&2.
Comparison shows that equipment and procedures used at the two sites are similar in
many respects. Here, the Loviisa procedures are considered.

The operator of the nuclear power plant is responsible for establishing a proper
environmental control program, according to instructions issued by STUK. The
measurements have, so far, been carried out by the Research Department of STUK.
The measurement systems and the operational procedures for release control have
been approved, and are regularly inspected, by the Department of Nuclear Safety of
STUK. The Research Department performs yearly control measurements of samples
taken from airborne and liquid discharges.

3.1.1.Airborne Releases Table 3.1.
Each unit has ventilation from reactor and from auxiliary buildings connected to the
stack. The stack is shared by both units, but the release channels are separate inside
the stack. The offgas system delays the release of Kr-isotopes 90 hours and Xe-
isotopes 45 days. It also removes particles and iodine from the discharge.

Gamma emitting noble gases are sampled for measurement once a week. The sample
is measured gamma-spectrometrically. The analysis is performed monthly.

Gamma emitting halogens are measured at least once a week from the sample
retained in the activated charcoal filter of the sampling system. The filters are
measured gamma-spectrometrically.

Gamma emitting aerosols collected on filters in the sampling system are measured
once a week. The filters are measured gamma-spectrometrically.

Alpha emitters. Total alpha-activity of the weekly aerosol sample is measured once a
month. If the results indicate that the total alpha-activity is increasing, an alpha-
spectrometric analysis will be performed. In 1993, an alpha-spectrometric
measurement device will be brought into use at TVO.

Strontium-90. The weekly aerosol samples are pooled to a quarterly sample, which is
measured by the Research Department of STUK.

Tritium is analysed once a month.

Carbon-14. The annual discharge of airborne carbon-14 is calculated on the basis of,
inter alia, experimental data. A programme for direct measurements will be
introduced.

3 A.2.Liquid Releases Table 3.3.
The waste water is collected in tanks. Before discharge, a sample is taken and
analysed.

Gamma emitting nuclides are analysed from a one litre sample taken from the tank.
The most important nuclides are analysed gamma-spectrometrically.
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Alpha emitting nuclides. Total alpha-activity is determined. If the results of the total
alpha-activity analysis at Loviisa is increasing, alpha-spectrometric analysis will be
performed.

Strontium-90 is analysed in pooled quarterly samples, by the Research Department at
STUK.

Tritium is analysed monthly.

Carbon-14 is not analysed.

3.2. Environmental Supervision

3.2.1. Airborne and Terrestrial Pathways Table 3.4.

3.2.2. Marine/Aquatic Pathways Table 3.13.

4. WORK ORGANISATION Table 4.1.

4.1. Decision-Making
The national authority is the Department of Nuclear Safety of the Finnish Centre for
Radiation and Nuclear Safety (STUK).

4.2.-4.4. Sampling and Measurements
The NPP Environmental Laboratory of the Research Department is commissioned by
the power companies to carry out the environmental monitoring programmes. The
results are reported to the Department of Nuclear Safety and to the power companies.

5. QUALITY ASSURANCE
There are comprehensive QA-programmes at the nuclear power stations that cover
the laboratory activities. The Department of Nuclear Safety takes comparative
samples to be analysed by the Research Department.

6. STAFF INVOLVED IN THE WORK
The staff of the NPP Environmental Laboratory of STUK consists of 8 persons; 5 of
them with an academic degree in biology, physics or radiochemistry.

7. DOCUMENTATION
Databases are maintained by STUK and the power companies. STUK and the power
companies publish annual and quarterly reports. The operator of the installation shall
provide STUK with annual and quarterly reports.

The quarterly report contains the following data:
- Release data
- Quantities of radionuclides contained in the samples taken from the sampling
control systems and released amounts calculated on the basis thereof.
- For atmospheric releases, the duration of sampling and the corresponding amount of
air released into the environment.
- For releases of liquid effluents, the volume of water discharged.
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- Dispersion data
- Average dispersion factors
- Meteorological conditions
- Environmental monitoring
- Results from dosimeter stations and radiation dose rate meters.

The annual report consists of the followinc sections:
1. General
- A short summary of operation of each unit.
2. Release data
- The release data are presented in three-month periods for each unit and are specified
according to discharge pathway.
- The releases are reported as nuclide groups as well as separate nuclides.
3. Dispersion data
- Meteorological conditions as annual averages.
- Dispersion data as annual averages.
- Hydrographic data
4. Dose calculations
- The calculated dose for an individual in the critical group and the collective dose
for the population up to a distance of about 100 km, caused by the discharges during
the report year.
5. Environmental monitoring
- Results from the programme for monitoring radioactivity in the environment of the
nuclear power plant. The purpose is to give an overall picture of environmental
effects of the plant. Consideration is given to individual exceptional results.
6. Other relevant data.

The Research Department of STUK maintains discharge register, which is also used
by HELCOM/MORS.

Abbreviations
Helsinki Commission HELCOM
The Group of Experts on Monitoring of Radioactive Substances
in the Baltic Sea MORS

Finnish Center for Radiation and Nuclear Safety STUK
Olkiluoto Nuclear Power Station TVO I-II
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GERMANY

1. NUCLEAR INSTALLATIONS

Nuclear reactors connected to the
BWR
PWR

Total capacity Net

Nuclear Research Centres
KfK
Kfa
GKSS
HMI
FRM
TRIGA
ZfK

Fuel Cvcle Facilities
Hukem
Hobeg
Siemens
Siemens
ANF
Urenco

Intermediate and Final Disposal
Ahaus
Mitterteich
Asse
Morsleben

national grid 91-12-3 K3):
7

14
21

22 390 MWe

Karlsruhe
Julich
Geesthacht
Berlin
Garching
HDII
Rossendorf

Hanau
Hanau
Hanau
Karlstein
Lingen
Gronau

2. REGULATORY ASPECTS - RESPONSIBILITY
Authority: Bundesamt fur Strahlenschutz

Gesellschaft fur Reaktorsicherheit

Table 1.

BfS
(GRS) mbH

The operating licensees of nuclear facilities are responsible for the supervision of
gaseous, particulate and liquid radioactive discharges.

2.1. Release limits Table 2.1.
The operating licensee of a nuclear facility sets release limits in accordance with
guidelines issued by the authorised officer for radiation protection. The limits are set
so that the radiation exposure does not exceed dose limits specified in §45 and §46 of
the Radiological Protection Ordinance, StrSchV (Strahlenschutzverordnung), and
recommended by the Commission on Radiological Protection, SSK
(Strahlenschutzkomission)(28).
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2.2. Dose Limits Table 2.1.
According to the Radiological Protection Ordinance 45 and § 46, and recommended
by the Commission on Radiological Protection^28).

2.3. Environmental Supervision
Both the operating licensee and relevant state bodies are responsible for sampling,
processing, and measurement, and both publish independent reports.

3. MONITORING SYSTEMS
Due to the guidelines for the supervision of releases and the environment, two
measuring programmes are pursued:
- A programme executed by the operator.
- A supplementary programme for control, executed by independent State measuring
organisations.

3.1. Source Monitoring Table 3.1.
Measuring and monitoring are performed on:
- Gaseous and aerosol-bound discharges^8)
- Liquid discharges^)

Control measurements are made by independent authorised experts or by a Federal
authority.

3.1.1. A irborne Releases^) Table 3.1.
For monitoring and detailed assessment of impact of the discharged radioactive
substances, the release rates shall be determined, divided into the following nuclides
and nuclide groups:

a) radioactive noble gases
b) radioactive aerosols
c) radioactive iodine
d) tritium
e) radioactive strontium
f) alpha emitters
g) carbon-14

Alpha emitters: Detailed assessment of released alpha-emitters shall be carried out
quarterly/yearly on mixed samples which may be produced from aerosol filters.
Carbon-14: For monitoring the release of carbon-14, carbon dioxide samples shall be
continuously taken from the stack and evaluated quarterly/yearly.

3.1..2. Liquid Releases®)
Types of Water
1. Waste water contaminated with radioactive substances
2. Service cooling water
3. Waste water from the water/steam system
4. Water for cooling the turbine condensers
5. Main water discharge

Sampling
Prior to discharge, a sample representative of the entire content of the discharge tank
shall be taken. From this, one litre is used for the decision measurement, to be
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subsequently stored for a period of one year (one-litre-sample). From the rest of the
sample, weekly, monthly and quarterly samples shall be produced for detailed
assessment.

3.2. Environmental Supervision Table 3.5.
Two monitoring programmes shall be established for the environmental monitoring
of nuclear facilities^10):
- A programme to be performed by the licensee.
- A supplementary programme for validation to be performed by independent
measuring organisations (authorised experts or official measuring organisations).

Unified procedures for sampling and measurement are described in the
"Messanleitungen fur die Uberwachung der Radioaktivitat in die Umgebung von
Kernkraftwerken und sonstigen kerntechnischen Anlagen", prepared in co-operation
by appropriate Federal authorities.

Measurements during normal operation: Regular observations of the distribution of
discharged radioactive substances in the transport media (air and water) shall be
performed at representative points. These measurements are supplemented with
investigations into the food chains and into individual areas of the environment
where radioactive substances are likely to accumulate, as well as at reference
locations.

Measurements for provisions against accidents and during accidents: The licensee,
and the independent measuring organisation, shall have measuring equipment and
evaluation methods available to be applied when accidents occur.

Exposure Pathways to be Considered:
When establishing the environmental monitoring programmes the following
exposure pathways shall be considered:
- External radiation exposure^10)
- Internal radiation exposure

- Inhalation
- Ingestion through consumption of:

Drinking water
Plant products (vegetables)
Animal products (meat, fish, milk)

The following criteria shall be used in monitoring of exposure through ingestion:
The monitored medium should be as close as possible to the end of the food chain.
The monitored foodstuff should be typical of the environment of the site.
The monitored foodstuff should contribute significantly to the total ingestion dose.
The product to be monitored should be available on a long-term basis, i. e. over

years.
To cover potential accumulation of long-lived nuclides, deposition on the ground

shall be monitored in the area of most significant impact.

Sampling and Measuring Points
The sampling and measuring points should be located, preferably, in the. area of
impact that is most significant for the individual exposure pathways.
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Number of Sampling and Measuring Points
The number of sampling and measuring points is determined by the responsible
authorities in a site-specific approach^10*.

Sampling and Measuring Frequency
The sampling and measuring frequency or - in the case of continuous sampling - the
duration of sampling, shall be adapted to the physical half-life as well as to the
transfer time of the radionuclides to man.

Monitoring Programmes for Licensees and Independent Measuring Organisations^10)
The sampling and measuring points shall cover the immediate vicinity of the nuclear
power plant and the transport media (water and air) as far from the facility as
deposition on the ground, vegetation and sediment indicates. The sampling and
measuring points of the independent measuring organisations exceed the licensee's
sampling and measuring network in the sense that terrestrial and aquatic food chains
are included for monitoring purposes. The programme of the measuring organisation
should be oriented towards utilisation of the environment by the population.

Data Transmission - Remote Monitoring
There are remote monitoring systems of nuclear power plants in several states. The
data collected from remote monitoring of a nuclear power plant shall be transmitted
to the centre of the remote monitoring system, either directly or after intermediate
storage at a subcentre. During normal operation of the nuclear power plant, the data
shall be transmitted at intervals of maximum one hour. If the pre-defined site-specific
values are exceeded, the data must be transmitted immediately. In such cases, the
interval between two consecutive transmissions shall be reduced to 10 minutes at a
maximum.

3.2.1.Airborne and Terrestrial Pathways^ Table 3.5.
Monitoring of meteorological conditions:
The meteorological variables influencing the dispersion of radioactive substances
(wind direction, wind speed and amount of rainfall) shall be measured and recorded
for the assessment of emission conditions.

3.2.2.Marine/Aquatic Pathways^ Table 3.13.
Monitoring of the marine/aquatic environment shall include the monitoring of the
concentration of radioactivity in the water and in sediment. Hydrological data are
needed for assessing the distribution in surface water of radioactive substances
discharged from the nuclear facility.

4. WORK ORGANISATION Table 4.1.
Operators, appropriate State authorities and Federal authorities co-operate in order to
pursue the control programmes.

4.1. Decision Making
The licensee and the State measuring organisations decide what samples to be taken,
as well as perform sampling. Samples are taken from air, soil, vegetation, water,
food-stuffs and sediment.
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5. QUALITY ASSURANCES
The statistical confidence level of the detection limits specified in the safety standard
shall be 1 sigma for continuously operated measuring equipment, and 3 sigma for
non-continuously operated measuring equipment as well as for the determination of
the individual nuclides. The type and extent of examinations and tests shall be
specified in an examination and test protocol.

Quality Control
l'he operating licensees and the experts appointed by the appropriate authorities carry
out programmes to check the quality of their measurements. This programme
consists of the following:
a) for gamma emitters - measurement of a standard mixture, at least every 4 weeks.
b) for strontium, tritium and alpha emitters - measurements of standards, at least
every six months.

Inter-comparison Test
The operating licensees and the expert appointed by the appropriate authorities take
part in intercomparison tests, which are carried out by the Federal Health Office in
co-operation with the Federal Institute of Physics and Technology, once a year.
Model waste water samples and real waste water samples are distributed.

6. STAFF INVOLVED IN THE WORK
Engineers, chemists and physicists.

7. DOCUMENTATION
Quarterly reports of environmental monitoring '̂°>
Both the licensee and the independent measuring organisation shall prepare quarterly
reports. These reports shall be submitted to the responsible authorities.

Annual Report of Environmental Monitoring
Licensees Annual Report10)
1. Introduction
2. Measuring Programme for the Monitoring of the Environment of the Nuclear

Power Plant.
3. Implementation of the Measuring Programme
4. Measured Results (Limits of detection)
4.1. Air

- gamma radiation (local dose rate)
- gamma radiation (local dose at the fence)
- aerosols
- gaseous iodine

4.2. Soil and Vegetation
- soil
- grass

4.3. Water
- surface water
- sediment
- ground water

5. Evaluation of data
6. Dispersion conditions
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Annual report by the independent measuring organisation
1. Introduction
2. Measuring Programme for the Monitoring of the environment of the Nuclear

Power Plant.
3. Implementation of the Measuring Programme
4. Measured Results (limits of detection)
4.1. Air

- Aerosols
- Gamma radiation (local dose at the fence)

4.2. Food chains, terrestrial
-Milk
- Grass
- Plants
-Soil

4.3. Water and Food Chains
- Surface water
-Fish
- Drinking water
- Sediment

5. Evaluation of data

Abbreviations
Bundesamt fur Strahlenschutz BfS
Gesellschaft fur Reaktorsicherheit GRS mbH
The Commission on Radiological Protection SSK

(Strahlenschutzkomission)
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JAPAN

1. NUCLEAR INSTALLATIONS Table 1.

Nuclear reactors connected to the national grid 91-12-

BWR 21
PWR 19
GCR 1
HWLWR 1

42

Total capacity Net 32 044 MWe

Reactors under construction 91-12-31

BWR 6

PWR 3
FBR 1

10

Total capacity Net 9 192 MWe

Reprocessing plant in Tokai-Mura.

2. REGULATORY ASPECTS - RESPONSIBILITY
Release limits for power plants are applied for by the industry and authorised by the
Ministry of International Trade and Industry. Release limits for the reprocessing
plant are applied for by the industry and authorised by the Science and Technology
Agency. Environmental monitoring is carried out by the nuclear power plant and the
prefectural government, supervised by the Science and Technology Agency.

2.1. Release Limits
The release limits are based on a maximum permissible dose of 1 mSv per year and
the ALARA principle.

2.1.1 .Airborne Releases
- Reprocessing plant Table 2.2.
- Nuclear power plants Table 2.2.

2.1.2.Liquid Releases
- Reprocessing plant Table 2.2.
- Nuclear power plants Table 2.2.

2.2. Dose Limits
The recommendations are based on a maximum permissible radiation dose to the
general public of 1 mSv/y as well as on the ALARA concept.
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3. MONITORING SYSTEMS

3.1. Source Monitoring:
Not specified

3.2. Environmental Supervision

3.2.1. Airborne and Terrestrial Pathways
- Reprocessing plant
- Nuclear power plants

3.2.2. Marine/'Aquatic Pathways
- Reprocessing plant
- Nuclear power plants

Analysis of Sr-90, as well as tritium in sea water, is carried out on selected samples.

Sample sizes for gamma spectrometry:
Surface water, sea water 201
Soil, sediment 100 g dry weight.
Agricultural products 1 kg wet weight.
Marine products 1 kg wet weight.

Table
Table

Table
Table

3.6.
3.7.

3.13./14
3.14.

4. WORK ORGANISATION Table 4.1.

4.1. Decision Making
The prefectural government and operators decide on the sampling programme, which
includes environmental material such as soil, sea water, airborne particulates etc, as
well as food-stuffs.

4.2.-4.4.
Sampling, sample preparation, measurement and reporting are carried out by the
technical staff at each power plant, and by the prefectural government. The same
procedures apply to the fuel reprocessing plant.

5. QUALITY ASSURANCE
Not specified

6. STAFF INVOLVED IN THE WORK
Prefectural governments opertate Nuclear Centres or Environmental Surveillance
Centres. At their disposal are several technicians specialised in radiation
measurement or radioactivity analysis. The nuclear power plants have environmental
measurement teams, similar to those mentioned above.

7. DOCUMENTATION
Data on radioactivity in the environment of nuclear facilities are compiled and
published annually by the prefectural governments and by the the Power Reactor and
Nuclear Fuel Corporation.
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KOREA (SOUTH)

1. NUCLEAR INSTALLATIONS^) Table 1.

Nuclear reactors connected to the national grid 91-12-31:9
Total capacity Net 7 220 MWe

Nuclear reactors under construction 91-12-31: 3
Total capacity Net 2 550 MWC

2. REGULATORY ASPECTS - RESPONSIBILITY
The Korea Institute of Nuclear Safety (KINS) carries out safety regulation in the
technical field on behalf of the Ministry of Science & Technology (MOST), based on
the Atomic Energy Law.

2.1. Release Limits

Maximum permissible concentrations based on ICRP recommendations.

2.2. Dose Limits

2.2.1. Occupational Exposure Table 2.3.

2.2.2.Public Exposure Table 2.3.
Max. individual dose 5 mSv/y
2.3. Environmental Supervision
Radiation and Environmental Division: Environmental Assessment Department,
Radiochemical Analysis Department

3. MONITORING SYSTEMS

3.1. Source Monitoring
Not specified

3.2. Environmental Supervision
Radiological Environmental Monitoring Program of the Korea Electric Power Corp.
(KEPCO)

3.2.1 .Airborne and Terrestrial Pathways Table 3.7V3.8
3 2 2 . Marine/Aquatic Pathways Table 3.14.

4. WORK ORGANISATION Table 4.2.

4.1. Decision Making
The Ministry of Science & Technology (MOST)
The Korea Institute of Nuclear Safety (KINS), Radiation & Environmental Division

The nuclear industry:
- Korea Electric Power Corp. KEPCO
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Korea Nuclear Fuel Company
Korea Atomic Energy Research Institute

KNFC
KAERI

4.2.-4.4. Sampling. Sample Preparation and Measurements and Analysis
Not specified.

5. QUALITY ASSURANCE
Not specified.

6. STAFF INVOLVED IN THE WORK
Not specified.

7. DOCUMENTATION
Not specified.

Abbreviations
Korea Atomic Energy Research Institute
Korea Electrical Power Corp.
Korea Institute of Nuclear Safety
Korea Nuclear Fuel Company
The Ministry of Science & Technology

KAERI
KEPCO
KINS
KNFC
MOST
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LITHUANIA

1. NUCLEAR INSTALLATIONS Table 1.
The major nuclear installation is the Ignalina NPP with two type RBMK-1500
reactors.

Total capacity Net 2 x 1 380 MW
e

2. REGULATORY ASPECTS - RESPONSIBILITY
National authorities:
- Environmental Protection Department, Vilnius
- State Nuclear Power Safety Inspectorate, Vilnius
- Hygiene Centre of Lithuania, Vilnius

2.1. Release Limits
Responsible authority: The Environmental Protection Department of Lithuania.

2.1.1.Airborne Releases Table 2.3.
Release limits (Bq/s) are set for each reactor.

2.2. Dose Limits Table 2.3.
Dose limits to critical body are regulated by the Nuclear Power Stations planning and
operation medical rules (SPAES-88).

2.3. Environmental Supervision
Responsible authority: The Environmental Protection Department of Lithuania.

3. MONITORING SYSTEMS

3.1. Source Monitoring

3.1.1. Airborne Releases

Dose rate meters are installed at 17 hydro-meteorological stations, located in various
administrative districts of Lithuania. Meteorological data and dose rate
measurements, three hours data, are transmitted from these stations to the
Environmental Protection Department. The regional divisions of the Hygiene Centre
of the Health Protection Ministry, and the Civil Defence Department of the Country
Defence Ministry are provided with portable dose rate meters.

3.1.2. Liquid Releases
Not specified

3.2. Environmental Supervision

3.2.1. Airborne and Terrestrial Pathways Table 3.8.

3.2.2. Marine/Aquatic Pathways Table 3.15.
In the vicinity of Ignalina NPP, bores are used for underground hydrosphere
water sampling. The Institute of Geology takes the samples. The Institute of Geology
also samples artesian water from a depth of 20-170 m.
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4. WORK ORGANISATION Table 4.2.

4.1. Decision Making
The heads of participating laboratories and the heads of the environmental control
programmes decide what samples to be taken and thus which pathways to be studied.

4.2. Sampling
The Hygiene Centre's specialists regularly take samples in each of the 44
administrative districts of Lithuania.

4.3. Sample Preparation is carried out by:
- Hygiene Centre's radiometric laboratory

- Institute of Physics

- Institute of Botany

Samples
Milk
Fish
Cereals
Meat
Airborne waste
Soil
Plants

4.4. Measurements/Analyses are carried out by:
- Radiometric laboratories of the Environmental Protection Department
- Hygiene Centre of Health Protection Ministry
- Institute of Physics
- Institute of Botany
- Ignalina NPP laboratory

5. QUALITY ASSURANCE
Not specified

6. STAFF INVOLVED IN THE WORK
Not specified

7. DOCUMENTATION
Annual reports are produced by:
- The radiometric laboratories of the Environmental Protection Department
- The Hygiene Centre
- The Institute of Physics
- The Institute of Botany
- The Ignalina NPP laboratory, and others
These reports are available at the Information Centre of the Environmental Protection
Department.

An annual summary report of environmental contamination of Lithuania is published
by the Information Centre of the Environmental Protection Department.
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LUXEMBOURG

1. NUCLEAR INSTALLATIONS
There are no nuclear installations in the country which release significant amounts of
radioactive substances to the environment. The nearest nuclear installation to the
Luxembourg national territory is the French site of Cattenom, discharging into river
Mosel.

2. REGULATORY ASPECTS - RESPONSIBILITY Table 2.3.
Responsible for all aspects concerning radioactivity: The Ministry of Health,
Division for Radiation Protection. The responsibility includes:
- regulatory aspects (release limits, authorisations, controls, etc.)
- environmental supervision (sampling and measuring, monitoring, reporting, etc.).

2.1. Release Limits
Not applicable.

2.2. Dose Limits
The total effective dose to the public is limited to 1 mSv/y. The dose limit due to
gaseous effluents and liquid effluents are both 0.3 mSv/y, effective dose. The total
dose to the thyroid is limited to 0.9 mSv/y (organ dose). These are total doses and not
site-specific or source-related.

2.3. Environmental Supervision
Ministry of Health, Division for Radiation Protection.

3. ENVIRONMENTAL MONITORING SYSTEMS
An automatic survey network is in operation.

3.2. Environmental Supervision

3.2.{.Airborne and Terrestrial Pathways Table 3.8.-3.9.

3.2.2 Marine/Aquatic Pathways Table 3.15.

- For all samples: Normally gamma spectrometry and gross beta, for liquids also
tritium.
- C-14 and Sr-90 are not measured.
- No alpha-spectrometry is performed.

4. WORK ORGANISATION Table 4.2.

4.1. Decision Making
The Ministry of Health, Division for Radiation Protection: Regulatory aspects
(release limits, authorisations, controls etc.)

4.2.-4.5. Environmental supervision
Telecommunication: Each station is provided with equipment for data recording
during up to 5 days. Every six hours, a central computer collects the accumulated
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data. The central computer and the telecommunication equipment is located in the
laboratory of the Division for Radiation Protection, in the city of Luxembourg.

5. QUALITY ASSURANCE
Not specified

6. STAFF INVOLVED IN THF. WORK
Exclusively for environmental monitoring:
- One scientist responsible for organisation, data collection, documentation etc.
- One electronics engineer responsible for the automatic survey network
- One laboratory technician responsible for the laboratory work

7. DOCUMENTATION
A small document concerning the monitoring results is published monthly. It is
available to the press and to the public. The results from environmental monitoring
are sent to the data base of the Joint Research Centre in Ispra, Italy.
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MALAYSIA

1. NUCLEAR INSTALLATIONS
At present, Malaysia operates a governmental 1 MW TRIGA Mk II research reactor,
which is not under the control of the Atomic Energy Licensing Board. However,
there are industrial plants generating technologically enhanced, naturally occurring,
radioactive materials (TENORM) as waste, under the control of the Board:
- The Asian Rare Earth Sdn Bhd, processing monozite to extract rare earth minerals
- The Tioxide (Malaysia) Sdn Bhd, processing ilmenite to extract titanium dioxide
- The Malaysian Titanium Corporation Sdn, processing ilmenite to extract rutile
The processing involves generation of radioactive wastes and effluents containing
Ra-226, Ra-228, U-238, Th-232, and their decay products.

2. REGULATORY ASPECTS - RESPONSIBILITY Table 2.4.
The Atomic Energy Licensing Board approves the release limit and the sampling
procedures. The Board consists of four divisions:
- The Division of Code and Standard (regulatory norms)
- The Division of Assessment
- The Division of Enforcement
- The Division of Administration and Licensing
It is the responsibility of the licensee to implement the monitoring programmes. The
licensee may use consulting bodies, recognised by the Board, to accomplish this task.
The Board has, so far, recognised two consultant companies and one Centre of
Excellence in radiation protection. The Board will carry out independent verification
activities, if the programmes are carried out by the licensee himself.

2.1. Release Limits
The Board and the licensee, or consultant, jointly decide on the release limits and the
sampling procedures.

2.2. Dose Limits

2.2.2. Public Exposure
The Board requests the licensee to establish reference data based on samples of
sediment, flora and fauna, before start of the operation. The regulations specify that
the source related dose to the public shall not exceed 1 mSv/y. Presently the
operational limit proposed by the Board for a plant is 0.1 mSv/y. The actual value of
the operational limit is to be decided and agreed upon jointly by the licensee and the
Board. The Board may allow higher release limits, if only a single installation is in
the vicinity, but if two or more plants are situated on the same site, their total
discharge should not give rise to a dose exceeding 1 mSv/y.

2.3. Environmental Supervision
The Board and the licensee, or his consultant, jointly decide on the sampling
programme.

3. MONITORING SYSTEMS
Two programmes are in operation:
- a programme for effluent monitoring
- a programme for environmental monitoring
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3.1. Source Monitoring

3.1.1. Airborne Releases - Considered

3.1.2. Liquid Releases - Considered

3.2. Environmental Monitoring

Locations of sampling points arc selected on the basis of a critical pathway
assessment. Control sampling sites are also included for comparison.

3.2.1. Airborne and Terrestrial Pathways Table 3.9.
Air samples are collected on glass fibre filters. The samples are analysed with

regard to alpha and gross beta activities and gamma activity of radionuclides from
the uranium and thorium decay chains. The concentrations of uranium and thorium
are determined using neutron activation techniques. More than ten sites have been
selected for environmental sampling during pre-opeiational and operational phases of
the industries.

Radon and thoron sampling: Air samples are analysed for radon and thoron
daughters.

Food-stuffs: Samples such as milk, grain and meat are considered unsuitable for
early warning purposes, since the discharge from the factories is confined to the
water body. They are, furthermore, considered unsuitable since uptake and
accumulation are slow.

3.2.2. Marine/'Aquatic Pathways Table 3.16.
Water sampling: The samples are analysed for alpha and gross beta activities, and

gamma activity of radionuclides from the uranium and thorium decay chains.
Usually, more than 20 sites have been selected for environmental sampling during
the pre-operational and operational phases of the industry.

Sediments: Samples are collected and analysed for alpha and gross beta activities,
and gamma activity of radionuclides from the uranium and thorium decay chains.

Fauna: Samples of e.g. ocean rock oyster and fish, are collected using nets and
fishing rods. The samples are analysed for alpha and gross beta activities and gamma
activity of radionuclides from the uranium and thorium decay chains.

4 - 5. WORK ORGANISATION - QUALITY ASSURANCE
Not specified

6. STAFF INVOLVED IN THE WORK
The staff members of the Board are graduates of various disciplines, but all of them
undergo repeated training in the work, mostly organised by IAEA.

7. DOCUMENTATION
A licence would be granted only if the operation during the term of a temporary
operating licence confirms the safety of the factory. For this purpose, a Safety
Analysis Report has to be submitted.
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ROMANIA

1. NUCLEAR INSTALLATIONS Table 1.
Activities at two sites give rise to releases of radioactive substances:
- The Institute of Atomic Physics, near Bucharest, with a small research reactor and a
plant for waste treatment
- The Institute for Nuclear Reactors, where a TRIGA reactor and a nuclear fuel plant
are located.
- Five NPPs are now under construction at Cernavoda, and the monitoring systems
are under development.

Total capacity Net 3 125 MWe

Several nuclear power plants are located close to the Romanian border. The
Bulgarian NPP at Kozloduy is situated less than 10 km from Romanian territory.

2. REGULATORY ASPECTS - RESPONSIBILITY Table 2.4.

2.1. Release limits
The release limits are established by the operating organisation and is approved by a
local Ministry of Health (MOH) office, and finally by CNCAN. Responsibility for
environmental radioactivity surveillance is assigned to:
- the operator for in-site supervision and for the environment near the installation
- the Ministry of Environment (MOE) for air, water (surface water, sediment and
sub-soil water), vegetation, soil, and external gamma radiation.

2.2. Dose Limits
Not specified

3. MONITORING SYSTEMS

3.1. Source Monitoring
The monitoring system is set up by the operator. The two research reactors are
equipped for gamma exposure monitoring and radionuclide analyses.

3.2. Environmental Supervision Table 3.9.
A National Environmental Radioactivity Surveillance Network (NERSN) was
established in 1962, designed to perform general monitoring of environmental
radioactivity, with particular regard to atmospheric nuclear weapons tests. The
laboratories of NERSN take samples from:
- air (aerosols and fallout)
- water (surface and sub-soil water)
- soil
- vegetation
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4. WORK ORGANISATION Table 4.2.

4.1.-4.4.
The Environmental Radioactivity Laboratory (ERL) proposes:
- types of samples to be taken
- sampling frequency
- the type of measurements to be performed
- sampling and measurement methodology, procedures for calculation of
concentrations both for normal operation and for accidental situations

5. QUALITY ASSURANCE
Not specified

6. STAFF INVOLVED IN THE WORK
The total staff of NERSN amounts to 168 persons, 54 of which have a university
degree and 114 have completed high-school. The NERSN operates 43 small
laboratories with 3-5 employees each. The staff is employed by the local Agency of
Surveillance and Environmental Protection (ASEP). The scientific, technical and
methodological co-ordination of NERSN is made by a specialised laboratory, the
Environmental Radioactivity Laboratory, ERL, which belongs to the Institute for
Environmental Research and Engineering (IERE).

7. DOCUMENTATION
NERSN stations produce monthly reports containing beta measurement data and
some meteorological information, which is transmitted to ERL. ERL produces a
monthly report with average, minimum and maximum values obtained at each
NERSN station. This report is sent to MOE, CNCAN and the Ministry of National
Defence.

Abbreviations
Comisia National Contr Act, Nucleare
Agency for Surveillance and Environmental Protection
Environmental Radioactivity Laboratory
The Institute for Environmental Research and Engineering
Ministry of Environment
Ministry of Health
National Environmental Radioactivity Surveillance Network

CNCAN
ASEP
ERL
IERE
MOE
MOH
NERSN
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SWEDEN

1. NUCLEAR INSTALLATIONS Table I.
Nuclear reactors connected to the national grid 91-12-31:

BWR 9
PWR 3_

12(3)

Total capacity Net 9 817 MWe

- The Nuclear Fuel Factory, Vasteras
- The Interim Storage for Spent Fuel, CLAB, Oskarshamn
- The Final Repository for low level and intermediate level waste (SFR), Forsmark
- Studsvik AB, with research reactor, storage and laboratory facilities

2. REGULATORY ASPECTS - RESPONSIBILITY Table 2.4.
National authority: The Swedish Radiation Protection Institute (SSI), Stockholm,
under the Ministry of the Environment. SSI is the relevant authority regarding
protection of man and the environment against ionising as well as non-ionising
radiation, including supervision of:
- Occupational exposure at the nuclear installations
- Exposure of the critical group
- Airborne and liquid releases
- Management of low level (LLW), intermediate level (ILW)and high level waste
(HLW)

2.1. Release LimitsC7)
SSI issues recommendations regarding the total release rate of radionuclides from the
entire nuclear site. Determinations of site-specific dose factors (dose per quantity of
activity released) are performed for every nuclide by the operator, according to and
are approved by SSI. The dose to the critical group resulting from each individual
nuclide is computed. The sum shall during normal operation not exceed 0.1
mSv/yC?).

2.2. Dose Limits

2.2.1. Occupational Exposure
50 mSv for an individual year, 100 mSv for a five year period (average 20 mSv
annually).

Internal Radiation Table 2.4.
Dose limits for individuals engaged in activities involving irradiation by
external sources^18)

Intake of Radioactive Substances^18) Table 2.4.

2.2.2. Public Exposure
Dose to the critical group*18), see 2.1. Table 2.4.
- All relevant exposure pathways foi the total nuclear site shall be considered.
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- The individuals in the critical group are assumed to be exposed simultaneously via
the different pathways.
- The dose evaluation must be based on realistic data, not on data referring to extreme
consumption or other habits of living.
The dosimetric factors used are valid for individuals in manual work.

Collective Dose ('?)
This concept is introduced partly with the aim to restrict future individual doses, and
partly to estimate the total risk caused by the discharge. The dose is truncated at 500
years. The global effective collective dose shall be < 5 manSv/year and GWe
installed^21). This should be interpreted as a reference value rather than a limit.

3. MONITORING SYSTEMS

3.1. Source Monitoring
All release measurements are carried out by the operators. Liquid releases are also
measured by the authority (pooled samples).

3.1.1. Airborne Releases Table 3.2.
Gamma emitting noble gases: Measured continuously in 1-2 hour intervals with Ge-
detectors. Weekly averages are calculated from these data.
Gamma emitting halogens: Filters are changed every week and analysed with
gamma-spectrometry within one day after collection.
Gamma emitting particulates: As above.
Alpha emitting nuclides: Alpha spectrometry is carried out every six months on
pooled filter samples.
Strontium-90: Analyses are carried out every six months on pooled samples.
Tritium: No routine measurements.
Carbon-14: No routine measurements. Estimates are based on electrical output and
on a few validations. Investigations are in progress at Ringhals and Forsmark.

3.1.2. Liquid Releases Table 3.3.
During discharge of each tank, a proportional sample is taken. This sample, which is
the official sample, is analysed as indicated below.
Gamma emitting nuclides: Gamma spectrometry is carried out.
Alpha-emitting nuclides: Total alpha activity is determined on monthly samples.
Strontium-90: Sr-90 is analysed semi-annually on pooled samples.
Tritium: Monthly samples are analysed by liquid scintillation.
Carbon-14: No routine measurements.

3.2. Environmental Supervision^3)
The programme for environmental monitoring has been formulated by the Swedish
Radiation Protection Institute in co-operation with the Swedish Environmental
Protection Agency. SSI supervises the execution of the environmental programmes.
A supplementary, intensive programme is executed every four years.

Basic programme^3)

3.2.1 Airborne and Terrestrial Pathways Table 3.10.

3.2.2 Marine/Aquatic Pathways Table 3.16.
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Intensive programme Table 3.17.

4. WORK ORGANISATION Table 4.3.

4.1 Decision Making
The Swedish Radiation Protection Institute

4.2. Sampling
- The operator or organisation sub-contracted by the operator

4.3. Sample Preparation
Source monitoring:
- The operator
- Control measurements by SSI

4.4. Environmental Measurements
- The operator
- Control measurements by SSI
- Contracted laboratories

5. QUALITY ASSURANCE^
- The control is primarily conducted by the plant operators, and supervised by SSI.
An evaluation of the waste water measurements, carried out by the authority and the
operators, is published annually.
- Regular distribution of different types of samples for intercalibration.
- Regular meetings and inspections.
- The internal QA at each site is extensive, including education, internal
intercalibrations, updating and improvements of instructions and routines.

6. STAFF INVOLVED IN THE WORK
The organisation of SSI includes
- The Division of Waste Management and Environmental Protection
- The Division of Radiochemistry and
- The Division of Environmental Radiology

The staff involved in environmental supervision in general consists of about 15-20
persons, most of them with an academic degree in physics, radiochemistry or
biology. At the nuclear facilities, teams of specialists are available for source and
environmental monitoring.

7. DOCUMENTATION
Data compiled by SSI regarding the discharge of radioactive substances to the
atmosphere and to the water recipients have been published in annual reports since
1971. From 1985 the reports also include data concerning the research facilities at
Studsvik and the Nuclear Fuel factory in Vasteras. The doses resulting from the
activities at the Interim Storage for spent fuel, CLAB, are included in the values for
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the Oskarshamn power plant. Corresponding data for the Final Repository for LLW
and ILW (SFR) arc included in the Forsmark data.

Data presented in the annual report
- Airborne releases
- Liquid releases
- Occupational exposure
- The collective dose to workers
- Annual dose to the critical group
- Annual global collective dose
- Data from environmental monitoring (starting in 1992)

Abbreviations
The Swedish Radiation Protection Institute SSI
The Final Repository for low level waste and intermediate level waste SFR
The Interim Storage for spent fuel CLAB
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SWITZERLAND

1. NUCLEAR INSTALLATIONS Table 1.

Nuclear reactors connected to the national grid 91-12-31:
BWR 2
PWR 2

5
Total capacity Net 2 952 MWe

Paul-Scherrer Institute (PSI) in Wiirenlingen und Villigen, research facilities of the
Swiss Federal Institute of Technology. 2 research reactors

1 proton accelerator

2. REGULATORY ASPECTS - RESPONSIBILITY Table 2.5.
The release limits are part of the licence for operation of the plant. This licence is
granted by the Swiss Government. Responsible for the surveillance of nuclear safety,
including radiation protection, is the Swiss Federal Nuclear Safety Inspectorate
(HSK). Under HSK control are, furthermore, all PSI activities including:
- Nuclear fuel and ionising radiation
- The closed-down experimental reactor at Lucerne
- exploratory work in connection with the final disposal of radioactive waste in
Switzerland and the temporary storage of radioactive waste.
The control of medical nuclear applications, as well as the Swiss parts of CERN,
Geneva, is under the jurisdiction of the Swiss Federal Office of Public Health
(Bundesamt fur Gesundheitswesen, BAG).

2.1. Release Limits
The release limit is based on the requirement that no person in the environment of the
nuclear site shall obtain a dose higher than 0.2 mSv/y due to those releases.

2.2. Dose Limits Table 2.5.

2.2.2. Public Exposure
No person in the environment of a nuclear site shall obtain a dose higher than 0.2
mSv/y due to releases of radionuclides from a nuclear facility. In order to comply
with this requirement, the dose to the critical group living in the environment of a
nuclear power plant is calculated using conservative assumptions. The critical group
is the group of persons living at and obtaining their food and water from the location
where the highest activity concentrations, in air and on the ground, are expected. The
dose calculations are made for adults and children separately, with different breathing
rates, consumption rates and dose conversion factors.

2.3. Environmental Supervision
The control of the discharges is the responsibility of the operator. The supervision
shall be accomplished in co-operation with the Swiss Federal Nuclear Safety
Inspectorate (HSK)(?). In the close-in zone around the nuclear power plants and the
Paul-Scherrer Institute^) the supervision duties of the Swiss Federal Nuclear Safety
Inspectorate and the Sektion zur Uberwachung der Radioaktivitat (SUeR) BAG
overlap. HSK and SUeR together have developed environmental surveillance
programmes for the immediate vicinity of the plants.
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The supervision of general environmental radioactivity is the duty of BAG<7). MSK
plans to run a further dose rate measuring network around the nuclear power plants
which should become operational by the end of 1993.

3. MONITORING SYSTEM^)

3.1. Source Monitoring

3.1.1.Airborne Releases Table 3.2.

Work conducted by the plant operator:
- The releases to the atmosphere
The data for releases of C-14 are based on estimates by HSK, except at the Leibstadt
power plant where measurements are performed bi-weekly.

Supervision by the authorities (HSK and SUeR):
- Samples are taken by HSK from the exhaust system.
- Noble gases, iodine samples and aerosol filters are analysed
- SUeR might take some check samples, according to agreement with HSK.

3.1.2. Liquid Releases Table 3.3.
Work conducted by the plant operator:
-The contaminated water is collected in mixing tanks. From every tank samples are
taken, and the activity is measured gamma-spectrometrically before the waste water
is released to the rivers. During the release, the activity is monitored, and the release
procedure is stopped automatically if operational limits are exceeded.

Supervision by the authorities (HSK and SUeR):
-HSK take samples for analysis of liquid effluents conditioned for discharge, from
the control tank, four times a year.
-Twice yearly SUeR takes parallel samples and perform gamma and tritium analyses.

3.2. Environmental Supervision
The measurement programme for the nuclear power plant Leibstadt is summarised in
tables referred to below. The Leibstadt power plant is selected as a representative
example of Swiss policy in these matters. Environmental supervision regarding
Leibstadt is also performed by Germany, Landesamt fur Umweltschutz (LfU) in
Baden-Wurttemberg(7).

3.2.1. Airborne and Terrestrial Pathways Table 3.10.

3.2.2. Marine/Aquatic Pathways Table 3.17.

4. WORK ORGANISATION Table 4.3.
The measurements of the emissions at the nuclear power plants, and the Paul
Scherrer Institute, are performed by the chemical or radiochemical divisions of the
NPP with people qualified for that work (e.g. laboratory technicians). These
measurements are verified by means of quarterly random samples measured by HSK-
technicians. The measurements of the environmental samples are made on behalf of
the responsible authorities by laboratories specialised in these matters.
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5. QUALITY ASSURANCE
Control measurements by HSK and SUeR.

6. STAFF INVOLVED IN THE WORK Table 4.3.
Number of licensed personnel in Swiss nuclear power plants 199H6). In brackets:
Values for 1990

Function KKBI+II KKM KKG KKL

B-operator 19(15) 11(10) 3(4) 11(7)

A-operator
Shift supervisor and deputy
Picket and operating engineers
Rad.protection supervisors
Rad. protection chief supervisors

17(18)
20(19)

8(9)
7(8)
5(5)

9(9)
10(7)
6(6)
3(4)
3(2)

17(16)
16(16)
12(10)
5(5)
4(4)

9(9)
14(15)
9(9)
10(7)
4(4)

7. DOCUMENTATIONS)
Reports published by the operator
Besides summarising the parallel sample data, the following data shall be transmitted
to HSK and SUeR quarterly:
- Nuclide-specific (including tritium) quarterly values on the activity concentration in
the Rhine.
- Mean Rhine water activity, based on continuous sampling and measurements of
total beta, tritium and gamma radiation.
- Nuclide-specific quarterly data regarding the airborne releases to the environment.
- Aerosol deposition on the ground, based on measurement of vaseline discs.
- TLD data obtained within the area.

Repurts by the authorities
- Reports by SUeR and HSK. The experiences obtained regarding the supervision are
published together with the annual information on radioactivity in the Swiss
environment.

Abbreviations
Swiss Federal Office of Public Health, Bern BAG
The Swiss Federal Nuclear Safety Inspectorate, Wiirenlingen HSK
Kernkraftwerk Leibstadt KKL
Kernkraftwerk Beznan KKB
Kernkraftwerk Muhleberg KKM
Kernkraftwerk Gosgen-Daniken KKG
Paul-Scherrer Institut, Villigen u. Wurenlingen PSI
Sektion zur Uberwachung der Radioaktivitat, des BAG SUeR

Germany:
Landesamt fur Umweltschutz LfU
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UNITED KINGDOM

1. NUCLEAR INSTALLATIONS Table 1.
Nuclear reactors connected to the national grid 91-12-31:
GCR 22
AGR 14
FBR 1

Total capacity Net 11710 MWe

Nuclear reactors under construction
PWR 1
Capacity Net 1188MWe

Other Nuclear Facilities(licensed under the Nuclear Installations Act 1965)
- Dounreay, Caithness, Scotland. Fast Reactor Development Centre with one
operational prototype fast reactor with associated fuel fabrication and reprocessing
plant and other facilities (the fast reactor was closed down in 1994)
- Sellafield, Cumbria, England. Spent fuel storage, reprocessing and associated
facilities
- Drigg, Cumbria, England. Disposal site for solid low level radioactive waste
- Capenhurst, Cheshire, England. Uranium enrichment plant
- Springfields, Lancashire, England. Nuclear fuel fabrication plant
- Harwell, Oxfordshire, England. Atomic Energy Research Establishment
- Winfrith, Dorset, England. Technology Centre
- Berkeley, Gloucestershire, England. Technology Centre
- Amersham, Buckinghamshire, England. Manufacturing facilities for radioactive
sources and radio-labelled compounds
- Amersham, Cardiff, Gwent, Wales. Manufacturing facilities for radio-labelled
compounds and diagnostic tests
- Devenport Royal Dockyard, Devon, England. Naval dockyard, owned by the
Ministry of Defence
-Rosyth Royal Dockyard, Fife, Scotland. Naval dockyard, owned by the Ministry of
Defence

In addition, the following site is subject to environmental monitoring and is
scheduled to become a nuclear licensed site:
- Aldermaston, Berkshire, England. Facilities for processing materials in support of
the nuclear defence programme.

2. REGULATORY ASPECTS - RESPONSIBILITIES
In the UK, releases of radioactive wastes to the environment may only be made in
accordance with authorisations issued under the Radioactive Substances Act 1960.

In England, authorisations for nuclear sites are issued jointly by:
- Her Majesty's Inspectorate of Pollution (HMIP)
- The Ministry of Agriculture, Fisheries and Food (MAFF)

In Wales, these functions are undertaken jointly by:
-HMIP
- The Welsh Office (Agricultural Department)

44



In Scotland, authorisations for nuclear sites are issued by:
- Her Majesty's Industrial Pollution Inspectorate (HMIPI)
These authorities include release limits in their authorisations. The relevant
authorities and the operator of the installation concerned each undertake
environmental supervision.

2.1. Release Limits(|3> Table 2.5.
Release limits are set in terms of Bq per nuclide or group of nuclides over a given
period of time. The standard time period is the "rolling year" (i.e. any period of
twelve consecutive months). Additional short-term (e.g. one week) limits may be set,
particularly for atmospheric releases where the doses may be sensitive to the
particular phase or manner of plant operation. Limits for airborne and liquid releases
are set so that the combined effect of all pathways to the critical group, including
pathways involving inhalation, ingestion, external radiation from released
radionuclides and direct radiation from the source, does not cause the dose limit to be
exceeded. Quantitative release limits are in general specified per site. For complex
sites such as Sellafield, however, separate limits may be specified for groups of
sources within the site, as well as limits for the overall site.

2.1.{.Airborne Releases
- Tritium 5000 TBq/y
- Sulphur-35 0.05 TBq/y
- Argon-41 4500 TBq/y

2.1.2. Liquid Releases
- Tritium 5.5 TBq/y
- Total beta 25 TBq/y
-Total alpha 0.1 TBq/y

2.2. Dose Limits*") Table 2.5.

2.2.2. Public Exposure
Release limits are set in accordance with a UK Government requirement that the
effective dose equivalent from all sources, excluding natural background radiation
and medical procedures, to representative members of a critical group shall not
exceed 1 mSv in any one year. This is qualified by the statement that effective dose
equivalents up to 5 mSv are permissible in some years, provided that the total does
not exceed 70 mSv over a lifetime. Following the 1990 Recommendations of the
International Commission on Radiological Protection (ICRP) published in 1990, the
UK National Radiological Protection Board (NRJPB) have issued a draft
recommendation for an upper value of constraint on effective dose from a single
source for members of the public to 0.3 mSv/y(13)-

The exposure, to which the dose constraint refers, is the total annual dose, summed
over all exposure pathways, arising from the current and future operations of a single
source.
The dose limits specified relate to the combined effect of all pathways to the critical
group, including pathways involving inhalation, ingestion, external radiation and
direct radiation from the source. The operator shall use best means available to limit
the activity of relevant waste released.
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3. MONITORING SYSTEMS IN GF.NF.RAT.

Source Monitoring^3)
The operator of each installation is required:
- to take samples and conduct measurements, tests, surveys and analyses necessary to
comply with the terms of the authorisation.
- to take any additional samples and conduct additional measurements, tests, surveys
and analyses, that may be required by relevant authorities.
- to retain samples and provide them for testing as relevant authorities may require.

Environmental Supervision^4)
The number of organisations carrying out radioactivity monitoring has increased
rapidly in recent years, particularly in the local authority sector.

The Government authorising bodies carry out their own programmes of
environmental monitoring as part of their enforcement responsibilities

The operator carries out a specified programme of environmental monitoring as a
condition of authorisation. This requirement reflects the "Polluter Pays" principle.
Operators are required to keep records of their monitoring for scrutiny by authorising
bodies.

23 local and public organisations carry out monitoring programmes.

From the data summarised in ref. (15) two examples are selected:
- Chapelcross, Dumfriesshire, Scotland, a nuclear power station with 4 operational
Magnox reactors, owned and operated by British Nuclear Fuels pic.
- Sellafield, Cumbria, England, a spent fuel storage, reprocessing and associated
facilities, a nuclear power station with 4 operational Magnox reactors, owned and
operated by British Nuclear Fuels pic.

3.1. MONITORING SYSTEMS AT CHAPELCROSS WORKS

3.1.1. Source Monitoring

3.1.1.1. Airborne Releases Table 3.2.
Gaseous waste from Chapelcross consists of three main isotopes: Argon-41, Sulphur-
35 and Tritium. The major source of argon-41 is the air used to cool the reactor. This
contains about 1% of argon-40, a non-radioactive isotope. Some of this is
transformed into argon-41 by neutron capture. TV} = 1.8 hours. Sulphur-35 is an
activation product of chlorine which is present in the minute quantities of oil and
graphite in the reactor circuit. TVl = 98 days. It is released to the atmosphere with the
coolant by gradual leakage from cooling circuit and by planned blowdowns of circuit
gas mainly through the reactor stacks. Some tritium is discharged via the stack.
Discharges of other nuclides are of less radiological significance. Of these, carbon-
14, strontium-90 and caesium-137 are included in the environmental monitoring
programme.

3.1.1.2. Liquid Releases Table 3.3.
The effluent is held in a detention tank prior to discharge and analysed for tritium,
total alpha and total beta.
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3.1.2. Environmental Supervision
Monitoring of the environment around Chapelcross is carried out in accordance with
the statutory monitoring programme which is outlined for Sellafield.

3.1.2.1. A irborne and Terrestrial Pathways Table 3.11.
The two principal pathways resulting in radiation dose to members of the general
public from discharges to atmosphere are through exposure to airborne radioactivity,
and through the deposition of airborne activity onto soil and vegetation, and
subsequent incorporation into food-stuffs. The airborne tritium oxide is continuously
monitored across the site using five monitors. The potential critical pathways for
ingestion of radionuclides in food-stuffs are:
- Consumption of local milk
- Consumption of green vegetables, grown at nearby farms

It has been calculated that the overall critical group would be infants exposed to both
pathways and living near to the site. In accordance with the statutory monitoring
programme, milk is sampled from 12 local farms every two weeks. These samples
are grouped into inner farms up to 3 km from the site and outer farms between 3 and
6 km from the site. Each sample is analysed for tritium. Samples from each zone are
then bulked and again analysed for tritium. In addition, bulked inner and outer zone
samples are analysed for a number of nuclides on a three-monthly basis. Milk
samples are also sent for independant analysis by laboratories acting on behalf of the
Scottish Office Environment Department.

3.1.2.2. Marine/Aquatic Pathways Table 3.18.
The critical group has been identified, from habit surveys undertaken by MAFF on
behalf of Departments at the Scottish Office, as stakenet fishermen who spend long
periods exposed to external radiation from the intertidal sediments and who also eat
locally gathered seafoods such as shrimps, flounders and sea trout. Samples of silt are
analysed for a number of nuclides. Monitoring of gamma dose at the pipeline has
been conducted.

Marine food-stuffs:
Radionuclides in seafoods from the Solway Firth 1991 Table 3.18.

Since 1985, samples of seaweed taken quarterly from the pipeline outfall area have
been analysed.

Collective dose commitment resulting from Chapelcross discharges during 1991 has
been calculated using NRPBs models. These contributions are summed over all time
and are estimated to be:

UK population 1.2 manSv
European population, incl. UK 5.9 manSv

3.2. MONITORING SYSTEMS AT SELLAFIELD
Sellafield has undertaken a large scale environmental monitoring programme for
many years, part of which is specified as a condition of authorisation by HMIP and
MAFF. Independent sampling, analysis and reporting is carried out by the
Authorisation Departments themselves and by other bodies. Research related to
predicting the environmental behaviour of radionuclides is both carried out and
sponsored by BNFL.
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3.2.1 .Source Monitoring

3.2.1.1. Airborne Releases Table 3.2.
Nuclides studied: H-3, C-14, Ar-41, S-35, Co-60, Kr-85, Sr-90, Ru-106, Sb-125,1-
129,1-131, Cs-137, Pu(alpha), Pu-241, Am-241+Cm-242, total alpha and total beta.

Direct radiation: Gamma dose rates at the site perimeter are monitored routinely.

3.2.1.2. Liquid Releases Table 3.3.
Liquid wastes arise from reprocessing operations, Calder Hall nuclear power station
and the laboratories of AEA Technology. Most of the activity is in the high-level
liquid waste stream, which is routed to interim storage. The proposed start of
THORP operations in 1993 will increase the total reprocessing throughput. This will
cause an increase in discharges to the sea of tritium.

Nuclides studied: H-3, C-14, S-35, Mn-54, Fe-55, Co-60, Ni-63, Zn-65, Sr-89, Sr-90,
Zr-95, Nb-95, Tc-99, R.u-103, Ru-106, Ag-110, Sb-125,1-129, Cs-134, Cs-137, Ce-
144, Pr-147, Eu-152, Eu-154, Eu-155, Np-237, Pu(alpha), Pu-241, Am-241, Cm-242,
Cm-243+244, total alpha, total beta.

3.2.2. Environmental Supervision
The main pathways identified relevant to discharges from Sellafield:
a) High rate consumption of seafoods (especially fish and shellfish) and of local

agricultural products (especially milk)
b) External radiation (e.g. from exposed intertidal sediments)
c) Inhalation of, and exposure to, airborne radioactivity.

3.2.2.1. Airborne and Terrestrial Pathways Table 3.11.
Air samplers are located close to the site perimeter fence and at major population
centres nearby. Air is sampled at a rate of approximately 100 m3 per hour. Filters are
replaced regularly and analysed monthly for particulate activity.

Radionuclides studied in air at locations in the vicinity of the Sellafield site:

Number of locations Nuclides studied
11 Sr-90, Ru-106, Sb-125, Cs-

134, Cs-137,
Ce-144, Pu(alpha), Am-241,
Pu-241

Food-stuffs, terrestrial: In broad terms, milk consumption remains the main
contributor to the critical group for terrestrial food-stuffs and represents one of the
more rapid food transfer pathways. Milk is collected weekly at each farm and bulked
for analysis. In addition, separate samples are taken on collection day from the farms
within 3 km of site, for analysis of I-129 and I-131. Table 3.11.

Animal Produce Analysis Table 3.11.
Vegetable and Fruit Produce Analysis Table 3.11.

3.2.2.2. Marine/Aquatic Pathways Table 3.18.
Seawater sediment: Some of the radionuclides discharged to sea become bound to
sediment suspended in the water column, which may be deposited and transported
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across the sea bed and coastal regions. Although this is only a small fraction for
caesium, for elements such as plutonium and americium, most of the material
discharged may be bound in this way.

Silts and sand: Collected from the West Cumbrian coast. Table 3.18.

Gamma dose rates: Measured routinely along extensive streches of the West
Cumbrian coastline. BNFL has continued to measure dose rates over the mudbanks
in Whitehaven Harbour in order to follow trends and to estimate doses to harbour
users. In addition, BNFL has, over many years, conducted a detailed programme of
monitoring throughout the intertidal regions of the rivers Est, Irt and Mite.

Local Surface Water: Table 3.18.

Groundwater:Groundwater monitoring from 14 site perimeter monitoring bores has
continued monthly during 1991. The samples obtained from this monitoring are
bulked individually over a three month period and analysed according to a set
schedule. Tritium concentrations above the limit of detection have been measured in
a number of bores. It has been known since December 1975 that saline groundwater
percolating onto the beach below the highwater mark at Sellafield is contaminated
with tritium. This water contains between 50 to 90% seawater as indicated by its
chloride concentration.

Food-stuffs, marine: Samples of actual, or potential, marine food-stuffs are collected
regularly by BNFL from the Cumbrian coast, with more limited sampling from the
Solway area and the Isle of Man. A mix of two-thirds crab and one-third lobster is
assumed by MAFF for critical group assessment. In addition to these recognised
pathways, BNFL continues to monitor the edible seaweed Porphyra umbilicaulis,
which is a useful indicator species.

Fish and Seaweed from the Irish Sea: Table3.19.
Nuclides studied: C-14, Sr-90, Zr-95,Nb-95, Ru-106, Cs-134, Cs-137, Co-60,
Pu(alpha), Am-241. A sample is normally 2 kg of edible flesh offish and consists of
a variable number of organisms.

Molluscs and Crustaceans from the Irish Sea: Table3.19.
A sample is normally 0.5 kg of molluscs and 2 kg of crustaceans (edible flesh).
Nuclides studied: Tc-99, Sr-90, Zr-95,Nb-95, Ru-106, Cs-137, Ce-144, Co-60, Ag-
110, Pu(alpha), Pu-241, Am-241, C-14.

3.2.3. Collective Dose
Collective dose commitments resulting from the effects of Sellafield discharges in
1991, summed over 10 000 years, indicate a total of around:
- UK population 8 manSv
- European population, incl. UK 53 manSv

Most of the collective dose commitment from Sellafield discharges results from C-
14, followed by 1-129 and H-3.
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4. WORK ORGANISATION Table 4.3.

4.1. Decision Making
The sampling and environmental dose rate surveys, undertaken by the operator, are
specified by the authorities who issue the authorisation for the installation.

4.2. Sampling
The operator of the installation may have a sampling and dose rate survey
programme which goes beyond the legal obligations settled in the authorisation. In
addition, the authorities undertake their own sampling and dose rate survey
programmes.

4.3.-4.4. Sample Preparation. Measurements. Analysis
Samples are prepared, measurements are made and reports are produced both by the
operator and by the relevant authorities. Monitoring is also undertaken by the U.K.
National Radiological Protection Board, which is the independent advisory body on
radiological protection, and by a variety of other bodies, both national and local.

5. QUALITY ASSURANCE
Monitoring and measurements undertaken by the authorities within the framework of
control survey programmes.

6. STAFF INVOLVED IN THE WORK
Each organisation has its own internal arrangements for managing its share of the
work. In total, a large number of individuals are involved in different ways in the
overall monitoring programme. There are no specific national qualification
requirements which all staff have to meet. In general, the qualifications, training and
experience of individuals are matched to their duties. Increasingly, this is being
ensured by the application of a formal quality assurance approach.

7. DOCUMENTATION

Reports
Reports are produced both by the operator of the installation and by the relevant
authorities.

Records
The operator of each installation is required :
- to make records of disposals (including release to air and to bodies of water)
- to make records of measurements, analyses, tests and surveys
- not to amend a record in a way which would render the original entry illegible
- to keep records in a manner and place approved by the relevant authorities
- to keep the records until notified in writing by the relevant authorities, that they are
no longer needed,
- to supply, on request, the relevant authorities with copies of records or disposals
(including releases to air and to bodies of water) and the results of measurements,
analyses, tests and surveys
- to inform the relevant authorities if a notification level (set somewhat below the
corresponding release limit) has been exceeded or if he has reason to believe that one
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of the limitations and conditions of the authorisation (including release limits) has
been exceeded.

Abbreviations
British Nuclear Fuels pic BNFL
Her Majesty's Inspectorate of Pollution HMIP
Her Majesty's Industrial Pollution Inspectorate HMIPI
The Ministry of Agriculture, Fisheries and Food MAFF
The National Radiological Protection Board NRPB
United Kingdom Atomic Energy Authority UKAEA
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APPENDIX:TABULAR

COMPILATION OF DATA
ON ENVIRONMENTAL

PROGRAMMES

TABLE SUBJECT

1. Nuclear Installations

2.1.-2.5. Regulatory Aspects - Responsibility

SOURCE MONITORING:
3.1.-3.2. Release to the atmosphere
3.3. Release to Water

ENVIRONMENTAL SUPERVISION
3.4.-3.12. Airborne and Terrestrial Pathways
3.13-3.19. Marine/Aquatic Pathways

SOURCE AND ENVIRONMENTAL MONITORING
4.1.-4.3. Organisation of the Work
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Tab. 1

NUCLEAR INSTALLATIONS

NUCLEAR POWER REACTORS IN OPERATION AND UNDER CONSTRUCTION, 31 DECEMBER 1991 (3)

Country Reactors in operation Reactors under construction Nuclear electricity supplied in 19 91
No of
units

Tot. cap.
Net MW(e)

No of
units

Tot. cap.
Net MW (e) TW (e)

% of
total

Finland

Germany

Japan

Korea RP

Lithuania

Luxembourg

Malaysia

Romania

Sweden

Switzerland

U K

Cuba

4

21

42

9

2

-

—

12

5

37

2 310

22 390

32 044

7 220

2 760

9 817

2 952

11 710

10

3

5

1

2

9

2

3

1

192

550

125

188

816

18.4
140.o

209.5

53.5

73.5

21.7

62.o

33.3

27.6

23.8

47.5

51.6

40.o

20.6

Total
world 420 326 611 76 62 044 2 009.1



REGULATORY ASPECTS - RESPONSIBILITY Tab. 2-1

Country
National authorities

R e l e a s e
Gaseous
effluents

l i m i t s
Liquid
effluents

D o s e
Gaseous
effluents

1 i m i t s
Liquid
effluents

Limits
given for:

Responsibility /.-supervision
Source Environnent
releases monitorinq

FINLAND
Finnish
Itadiati'

Tenter for
and

Loviisa 1-2
Kr87e
I131e

Nuclear .afety
(STUK) TVO I-II

Kr87e
I131e

2.2E16
2.2E11

"1.8E16
1.1E11

Loviisa 1-2
H-3 1.5E14
Oth. 0.9E11

TVO I-II
H-3 1.8E13
Oth. 3.OE11

Public exposure: 0.1 mSv/y

Coll.dose 5 manSv/GWe
installed el.power

Dose limits given per in-
stallation

GERMANY
Bundesamt fUr Strah-
lunschuti
Gesellschaft fOr ReaK-
torsicherheit (GRS)inbll

Release limits set by the Li-
censee in ace.with authori-
zed officer for rad.protection

Hypothet. Operator Operator
crit.group STUK STUK

The release control approved
and inspected by the Dep. of
Nuclear Safety of STUK.

Control measurements of samples
from airborne and liquid dis-
charges by the Res.Dep. once
a year.

The operator is responsible for
establishing an <:nviror<;nental
control program.

Occ.cxp.
Whole-body 1
Pregnant w.
Bone-marrow

Organ doses,2
excl. 1,3,4

Thyroid
Bone surf. 3
Skin ,excl.
pos. 4

Hands,fore- 4
arras,feet,
legs

Public exp.
Area supervis.
Crit.ind.

-"- spec.cond.

Area not superv.:
Pregnant w.
Bone marrow

Ory.inn, exel.
1 and 3 2

Bone surface, .,
Skin J

mSv/cal.year
A B C
50 15 5

150 45 15

Crit.ind. Source
releases:

Operator

Envir.monitoring:(28
Operator and
State Measurement
Locations

(Both independ-
ently compile
reports.)

300 90 30

500 150 50

mSv/cal.year

1.5
5

0.3

0.9

1.8



REGULATOR* ASPECTS - RESPONSIBILITY Tab. 2.2

Country
National authorities

R e l e a s e
Gaseous
effluents

l i m i t s
Liquid
effluent;;

D o . s e
Gaseous
effluents

1 i m i t s
Liquid
effluents

Limits
given for:

Responsibility/supervision
Source Environment
releases monitoring

DAPAN

.Ministry of Tnt. Trade
und Industry

Science nnd Technology
Agency

Reproces
plant

Kr-UG
11-3
C-14
1-129
1-131
Zr-95
Nb-95
Ru-103
RuRh-
106
CePrl44
Cs-137+
oth.gam
Sr-90+
oth.beta
Pu

:si ng

GBq/y
8.9E7
5.GE5
9.7E3
1.7
1.6E1
2.2
4.4
5.6

89
18

2.6

8.2
O.81

Reproces:
plant

Sr-89
Sr-90
Zr-95
Nb-95
llu-103
RuRh-106
Cs-134
Cs-137
Ce-141
CePr-144
1-129
1-131
11-3
Alpha

uincj

GUq/y
1.6E1
3.2IU
1.4E1
2.7E1
6.4E1
5.1E2
6.OE1
5.5E1
5.9
1.2E2
2.7E1
1.2E2
1.9E6
2.3

NocommondcTtions:

General public
The- ALAKA concept

Crit.group
1 mSv/y

Licensee
Prefuctural
Science and
Agency

Govern.
Techn.

Nuclear
plants

Rare gas
5.8E14-8

1-131

pwer

Dq/y

-8E15

1.1E1O-4.8E11

Nuclear power
plants

Bq/y
Total act.
less 11-3

3.7E9-2.2E11

Reprocessing plant

Release limits are proposed by
the industry and authorized by
Science and Technology Agency.

Power plants

Release limits are proposed by
the industry and authorized by
Ministry of International Trade
and Industry.



REGULATORY ASPECTS - RESPONSIBILITY Tab. 2.3

Country
National authorities

R e l e a s e
Gaseous
effluents

l i m i t s
Liquid
effluents

D o s e
Gaseous
effluents

1 i m i t s
Liquid
effluents

Limits
given for:

Responsibility/supervision
Source Environment
releases monitoring

KOREA RP
The Ministry of
Science & Techn.
(MOST)

The Korea Institute
of Nuclear Safety
(KINS)

LITHUANIA
The Envir.Protection
Dep.of Lithuania

State Nucl.Power
Safety Inspectorate

Hygiene Center of
Lithuania

Ace. to ICRP

Inert gas 3
Short-liv.l
Iodine 6
Long-liv. 9

Bq/s
2E8
3E5
4E3
GE3

Ace. to ICKP Occ.exp.
Wholebody 50 mSv/y
Bone.TH, skin 300 "
hands, feet,
fore-arms and
ankles 750 "
Other organs 150 "

Public exp./site
Wholebody 250 ^ v

TH 750 "
Any oth.organ 250

Sv/y Sv/y
2.oE-4-1.2E-3 6-oE-5-3.oE-4
Regulated by the Licensee
and Operation Medical
Rules (SPAES-88)

Rad.and Env.Div.
Radiochera.Analysis
Department

Crit.group The Envir.
Prot.Dep.

The Envir.Prot.
Dep.

LUXEMBOURG
The Ministry of
Health, Division
for Rad.Protection

No nuclear
power plants

Ace.to regulations:

1 mSv/y

Applied 0.3 "

Thyroid 0.9 "

The Ministry of
Health.

Division for Rad.
Protection



REGULATOR* ASPECTS - RESPOHSIDILITY Ta b. 2.

Country
Motional authorities

R e l e a s e
Gaseous
effluents

l i m i t s
Liquid
effluents

D o s e
Gaseous
effluents

1 i m i t s
Liquid
effluents

Limits
given for:

Responsibility/supervision
Source Environment
releases monitorinq

MALAYSIA
The Atomic Licensing
llo.ird:

- Div.of Code and
Standard

- Div.of Assessment
- Div.of Enforcement
- Div.of Admin, and

Licensing

KUMANIA
Ministry of Health
(MOID

Ministry o£ Envir.
(MOE)

Comisia Nat. Contr
Act.Nucleare
(CNCAN)

SHEDEN
The Swedish Rad.
Protection Inst.SSI
under the Ministry
of Envir.

Thu Doflrd and the Licensee -
or his consultant - negotiate
and jointly decide on the re-
lease limits and the sampling.

The release limits established
by the operator, approved by
MOH and finally by CNCAN

Recommendations given by the
authority for the tot.release
from the entire nuclear site.

1 mSv Gen.publ. The Atomic En.
L i e Board

SSI SSI
0.1 mSv/y
Occ.exp:
Eff.dose eq. 50 mSv/y
Dose equiv.to:
- Lens of the eye 150 "
- The skin 500
- Hands and feet 500 "

Accumulated:
- Age 30 years 180 "
- Life-time 700 "

Woman in fert.age
2 months 10 "
Pregn.women, tot.
pregnancy time:
Dose equiv.to foetus 5 "

Intake:
Generally, cal.year
Ace. at 30 y age
" during life-time

Women in Cert.age 2 ra.
Pregn.women, remaining
time interval

Public er.p:
Dose equiv.
Op. limit <C

Operator
Also the
envir-near
the plant

Crit.group Operator

The; Ministry of
Environment (MOE)

1 ALI
3.5 "

14
0.2 "

0.01 "

1 mSv/cal.y

Collective dose <5 manSv/y,
GWe inst.

Valid for: All exp.pathways and tot.site
Ind. are assumed to be simultan. exposed
via different pathways.

The program has (18)
bee/i initiated
by :;si.

Sampling and measu-
rements of airborne
and liquid release
and food-stuffs
attended by the
operators in co-ope-
ration with the
authority.

Two ,-nain programmes:

- The basic progr
- Tho intensive "

(18)

(7)

(21)



REGULATORY ASPECTS - RESPONSIBILITY Tab. 2 .5

Country
National authorities

R e l e a s e
Gaseous
<if fluents

1 i m
Liquid
efflue

i t s

nts

D o s e
Gaseous
effluents

1 i m i t s
Liquid
effluents

Limits
given for:

Responsibility/supervision
Source Environment
releases monitorinq

SWITZERLAND
The Swiss Federal Nu- Based on the dose limit
clear Safety Inspec- 0.2 mSv/y
torate (IISK)

The Swiss Federal Of-
fice of Public
Health (BAG)

UNITED KINGDOM
England:
Her Ma].Inspect,
of Pollution(HMIP)

The Ministry of Ag-
riculture, Sisheries
and Food (MAFF)

Wales
HMIP
The Welsh Office,
Agricult. Dep.

Scotland
Her Majesty's Ind.
Pollution Inspecto-
rate (HMIPI)

Release limits are included
in the authorisations.

Release limits are set in
terms of Bq/nuclide or
nuclide group

Airborne and liquid release
limits are set such that the
dose limit will not be ex-
ceeded

Release limits are in general
specified per site.
Exception: Sellafield

The operator shall use "best
practicable means" to limit
the activity released.

Not > 0.2 mSv/y Crit.group Operator

1 mSv in any one year
5 raSv are permissible in some
years, provided the total
dose does not exceed 70 mSv
in a lifetime.

Eff.dose equiv. from a single
site should not exceed O.5
mSv/y.

Reconunendations by NRPB:
O.3 raSv/y.

The exposure is the total an-
nual dose, summed over all exp.
pathways, arising from the
current and future operations
of a single source.

Operator
Relevant
authorities

IISK and SUnR have
jointly produced
the programs for
the immediate vi-
cinity of the
plants.

Relevant author,
and the operator

Supervision of
environment:
BAG, espec. SUeR

Operator
Relevant author.

CUBA
The Executive Seer,
for Nuclear Affairs
(SEAN)

The Center of Rad.
Protection and Hygiene
(CPHR) under SEAN
carries out the func-
tions regarding envir.
supervision

The CPHR is made up
of four laboratories.

The Nat.Network for
Radiological Envir.
Surveillance con-
sists of 55 rad.
posts.

SEAN

Release limits not yet estab-
lished but in progress.

No power
plants

SEAN

CPUR



SOURCE MONITORING
Supervision of the release to the atmosphere

Tab. 3 .1

Country S i t e
Sample

o p e r a t o r A u t h o r i t i e s
Quantity Freq. Nuclides

studied
Measurem./ Sample
analysis

Quantity Freq. Nuclidet
studied

Measurement/
analysis

FINLAND

GERMANY

Off-gas

Filter

Air

Det.ass.

Aerosols

Det.ass.
Filter-coll.

Iodine

Det.ass.
Filter-coll.

Tritium
Det.ass.

Strontium
Det.ass.
Filter-coll.

Alpha
Det.ass.
Filter-coll.

1/w Noble y. Gamma
spectr.

" Halogens "
Part. "

" Tot.alpha Scint. 1/m
Sr-90 1/q

Cont.

Cont.

Cont.
interm.

Cont.

Interm.

Monitor.

Interm.

Interm.

Interm.

H-3
C-14

Nobl.g.
(7 nucl)

••

M

(10 nuc.

1-131
"

H-3

sr-90

1/m
Calcul. 1/y

Betadet.
Gammadet.

Betadet.

Gammadet.

)Gamma or
beta-
det.

Gamma-dot.

Interm. Pu-238
Pu-239
Pu-240
Am-241
Cm-242
Cm-244

Sr-90 STUX
Res.Dep

A supplementary program (E)
for control, realized
by independent State
Measurement Locations

Control measurements
are made- by an indepen-
dent authorized expert
or by a Federal Author.

MALAYSIA

It is the responsibility of the
Licensee to implement the monitoring
programmes himself or via consulting
bodies, recognised by the Board.

RUMANIA
Release monitoring systum is sot up
by the operator.

Daily and monthly report to ERL

Measurement values validated and transmitted to HOE.



SOURCE MONITORING
Supervision of the release to the atmosphere

T a b . 3.2

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample Quantity Freq. Nuclides Measurem./ Sample

studied analysis
Quantity Freq. Nuclides Measurement/

studied analysis

SWEDEN Air

Ext., exp

Halogens
Filter

Particulatos

Cont. Gamma

Changed Gamma
weekly

Scmi-ann. Alpha

Sr-90

H-3

C-14

Gamma
spectr.
average

Gamma
spectr.

Alpha
spectr.

No routine
measurem.

SWITZERLAND Air

Aerosols

Cont.
desir.

Cont.

Iodine Cont.

Noble g.

Gamma

Total
alpha

Sr-89/90

1-131

1-133

UNITED KINGDOM The operator is required:
Chapelcross . , ,

- to take samples and conduct measurements
to comply with the terms of the authorisa-
tion.

- To retain samples
Nuclides released to the atmosphere
subject to separate quantity limits:

- H-3
- S-35
- Ar-41

aellafield Air B-3, C-14, Ar-41, Kr-85, S-35, Co-60, '
Sr-90, Ru-106, Sb-125, I-129, 1-131,
Cs-137, Pu(alpha), Pu-241, Am-241+Cm-242
Tot. alpha, tot. beta

Gamma
spect.
Sanple test
if requir.

Gamma
spect.
weekly

Mixed sampl
quarterly

Gamma
spectr.
weekly

Sample test
if requir.

Air

Aerosol
filter

Noble g. Gamma (7)
cpectr.

Iodine Iodine
samples

(15)

115)



SOURCE MONITORING
Supervision of the release to water

T a b . 3 . 3

Country
S i t e o p e r a t o r A u t h o r i t i e s
Sample Quantity Freq. Nuclides

studied
Measurem./ Sample
analysis

Quantity Freq. Nuclidet
studied

Measurem./
analysis

FINLAND
Water 1 lit Before Gamma Gamma

discharges spectr.

comb.sample Monthly
Tot alpha
H-3
C-14
Sr-90

Monthly H-3
C-14

Quart. Sr-9O

MALAYSIA

SWEDEN

It is the responsibility of the Licensee to implement
the monitoring programmes. The Licensee may implement
these programmes himself or via consulting bodies,
recognised by the Board.

Waste water
Soluble and
part.fraction

SWITZERLAND Waste water
from mix.tank

Monthly
"

Cont.during
release

2/y

Gamma
Alpha

Sr-90

H-3

C-14

Gamma
11-3

Ge-spectr.
Alpha- "
Semi-ann.
pooled
sample

Semi-ann.
pooled
sample
Liquid scint.

No routine
measurem.

Waste water
Gamma from the tank

Gamma spect.
Analysis

4/y

2/y Gamma
H-3

I1SK

Gamma spect.
Analysis
I1SK, SUeR

UNITED KINGDOM
Chapelcross

Radionuclides subject to separate limits:
H-3, total beta, total alpha

Radionuclides not subject to separate limits:
S-35, Co-60, Zn-65, Sr-90, Ru-106, Sb-125,
Cs-134, Cs-137, Ce-144, Eu-154

Sellafield H-3 dominates all marine discharges from
Sellafield.

H-3, C-14, S-35, Mn-54, Fe-55, Co-60, Ni-63,
Zn-65, Sr-89, Sr-90, Zr-95, Nb-95, Tc-99,
Ru-103, Hu-106, Ag-110, Sb-125, 1-129, Ce-144,
Pr-147, Eu-152, Eu-154, Eu-155, Cs-134, Cs-137
Np-237, Pu(alpha), Pu-214, Am-241, Cm-242,
Cm-243+244, tot. alpha, tot. beta

(15)

(15)



ENVIRONMENTAL MONITORING
Airborne and terrestrial pathways Tab.3.4

Country S i t e
Sample No of

stat.

p e r a t o r A u t h o r i t i e s
Quantity Freq. Nuclides

studied
Measurem./ Sample
analysis

No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

FINLAND
Lov.+TVO

E x t . r a d . 2 + 2

9 + 1 0

Part.and
iodine

Rain
water

Soil

Hair moss

Grass

Food-
stuffs,
terr.

Milk

Lettuce
Apples
Grain

Meat

Drinking water

Cont. Gauuna Dose rate The Dep. of Nuclear Safety takes comparison samples
to be analysed by the Research Department

TLD 4/y

(5)

Cont.
coll.

M

l/4y

4/y

2/veg.
season

"

Gamma
Sr

Gamma
H-3
Sr

Gamma
Sr

Gamma
Sr

Gamma
1-131

Ion.1/y
cham.

Spectr
2-4/y

2/m
4/y

4-12/y

4/y

4/y
II

2/veg.seas.

l/w
graz
seas
2/m
oth.

l/w

2/y
i/y

i/y

2/y

4/y

1-131

time

Gamma
Sr

Gamma

Gamma
Sr

Gamma

Gamma
H-3, Sr

1/2
graz.seas

2/m oth."

1/m

2/y
i/y

i/y

2/y

4/y



ENVIRONMENTAL MONITORING
Airborne and terrestrial pathways T a b . 3 . 5

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample No of

stat.
Ouantity Freq. Nuclides

studied
Measurem./ Sample
analysis

No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

GERMANY
Two monitoriny programs shaLl IK; established Cor the
environmental monitoring:

A program to be per formed by the Licensee

The Licensee's sampling and measuring points shall
cover the immediate vicinity of the nuclear power
plant.

Air
Gamma rad.

Fierosols

In
cliff,
dir.

1O

Cont.
record.

Cont.
coll.

Gamma

••

Tot beta

TLD,

Eval

ann.

. /14d

Air

Gamma rad.

Aerosols
Samol m i v

Iodine,
gaseous

Ground and
vegetation

Ground

Grass

uo)

A supplemental and confirmatory program to be performed
by independent measuring organizations (authorized expert
or official measuring organizations).

The sampling and measuring points of the independent mea-
suring organization exceed the Licensee's sampling and
measuring net-work insofar as food chains on land and
in water are included.

Gamma

10

Ind.nucl Gamma spec Food-stuffs
Quarterly terr.

Quarterly Milk

Cont.

2/y

2/y

Sr-9O
Tot
alpha

1-131 Eval./14d

Plant-food

Sr-90 Ground
Spec.nucl Gamma spect.

" " " Grass

Gamma TLD, ann.eval.

2/y

2/m

Spec.nucl Gamma spectr
Quarterly eval.

Sr-90

Spec.nucl.Gamma spectr.

1-131 Monthlv

Several Sr-90
Spec.nucl.Gamma spect.

2/y

2/y



ENVIRONMENTAL MONITORING
Airborne and terrestrial pathways Tab. 3 .6

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample No of

stat.
Quantity Freq. Nuclides

studied
Measurem./
analysis

Sample No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

JAPAN
Reprocessing
plant

Ext.rad.
Dose rate
Cum.dose

Air

Dust

Iodine

Noble gas

Water

Cont.

Cont.

Gamma Environmental monitoring is carried out by the Licensee
" TLD and prefectural government supervised by Science and

Quarterly Technology Agency.

Tot.beta Weekly

Tot.alpha "

Cont.

Sr-90

Cs-137

Pu-239

1-131

Kr-85

Quarterly

Weekly

Cont.

Rain water

Fallout dust

Tap water

Soil

Food-stuffs
terr.

1

1

1

1

2

20

200

lit.

g dw

••

Quart.

Yearly

H-3

Tot.beta

I1--3

Sr-90
Cs-137
Pu-239

Monthly

Quarterly

Yearly

Vegetables 1 1 kg ww Quart.

Rice 1 1 kg ww Yearly

Milk 1 1 kg ww Quart.

1-131 Quarterly
Sr-90 Yearly
Cs-137
Pu-239

Sr-90
C-14

1-131
Sr-90

Yearly

Quarterly
Yearly



ENVIRONMENTAL MONITORING
Airborne and terrestrial pathways Tab.3.7

Country
Sample

S i t e
No of
stat.

p e r a t o r A u t h o r i t i e s
Quantity Freq. Nuclides

studied
Msasurem./ Sample
analysis

No of
stat.

Quantity Freq. Nuclides
studied.

Measurem./
analysis

JAPAN

KOREA RP

Ext.rad.
Cum.dose

Air

Dust

Soil

Fallout

Indicator mat
(pine needles)

Food-stuffs
terr.

Vegetables
Rice

100 y dw

1 kg

1 kg ww
1 kg ww

Ext.rad

Air
Aerosols

10-15

10 300 m /VJ

Sea water 3-7 3 l i t .
Water

Ground 2 1 lit.
water

Rain water 2 2 lit.

Ground
Soil

Pine
needles

15 500 g

2 kg

Cont.
Quart. Gamma

Monthly
-quart.

Semi-ann.

Monthly

Quart.

Yearly

Cont. "
Quart. "

Weekly Gross
beta
1-131

Quart. Gamma

" Gross
beta
H-3
Ganuna

wuart. Gross
beta
H-3

Monthly Gross
beta
H-3

Gross
beta
Sr-90
Gamma

Gross
beta
Sr-90
Gamma

Tl-D

GE-det.

Mon.post
ERM.TLD

The Korea Institute of Nuclear Safety (KINS) carries
out safety regulation work in the technical field,
which has been entrusted by the Ministry of Science s,
Technology (MOST).



ENVIRONMENTAL MONITORING

Airborne and terrestrial pathways Tab .3 .8

Country S i t e
Sample

o p e r a t o r A u t h o r i t i e s
No of Ouantity Freq.
stat.

Nuclides Measurem./ Sample
studied analysis

No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

KOHEA RP Food-stuffs

LITHUANIA

terr.

Milk

Vegetables

Cereals

Eggs

Ext.rad.

Air
Aerosols

2

3

3

2

17

2

2

1O

10

1

lit

kg

kg

kg

Monthly

Annually

Semi-ann.

Cont.

1-131
Sr-90
Gamma

Gross
beta
Sr-90
Gamma

Gross
beta
Gamma

Gamma

Gamma

Cs-13

Fallout

Cs-134
Be-7
+ oth.

Tot.
beta
Gamma
Sr-90

Dose rate

LUXEMBOURG Ext.rad.

Air
Aerosols

Water
Surface
water

Drinking
water

Source

Lake water

Rain "

Ground
Soil

Grass

13

26

Cont.

4000i.i /w

Monthly

Gamma

Gross
beta
Gamma

Periodic

2/m

Gamma mon.

TLD

Gamma spect.

2-3 veg.seas.



ENVIRONMENTAL MONITORING
Airborne and terrestrial pathways Tab. 3.9

Country Sample
S i t e o p e r a t o r A u t h o r i t i e s
No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

Sample No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

ROMANIA

LUXEMBOURG

MALAYSIA

Pood-stuffs
tcrr.

Farm milk
Dairy "
Dried "

Farm eggs

Beef
Pork

Game

Vegetables
Fruit
Cereals
Wine
Mushroom

It is the res;

2

20-30

10-20
10-20
5-10
5
10-2O

Donsi h

Monthly

Annually

implement the monitoring programmes.
The Licensee may implement these programmes
himself or via consulting bodies, recog-
nized by the Board.

Air

17
12
17

Month. Gross
beta
Gross
<ilpha

Gamma

Nat. U&
Th-ser.
Radon a.
thoron
daught.

Sampling
by Roken
TR PS-4

Neutron act
techniques

Food-stuffs
terr.
Not considered
Discharge only
to water

In-site supervision
Environment near the
installation Ministry of Envir. (KOE) responsible for supervision of

the environment.

Nat. Envir. Had. Surveillance Network (NERSN), de-
signed to perform monitoring of environmental radio-
activity, take samples of:

Air (aerosols arid fallout
Soil
Vegetation
Surface water
Sub-soil water



Tab. 3.10
ENVIRONMENTAL HONITOIIING
Airborne and terrestrial pathways

Country
S i t e o p e r a t o r A u t h o r i t i e s

Sample No of
stat.

Quant. Frcq. Nuclides
studied

Mcasurcm./ Sample
analysis

No of
stat.

Quant. Frcq. Nuclider; Measurement./
studied analysis

SWEDEN

SWITZERLAND
Lcibstadt

Basic program

Nat, veg.
I'olytr.comm. 2-3
Dryopt.tilix 2
Cladonia sp 1-2
Shore grnss 1-2

Cult.veg.
Pasture
Grain
Lettuce

Food-stuffs
terr.

Milk

Ext.rad.
- Nucl.pow.
plant

- Envir.

Air
Deposition
(Vs.discs)

Rain water

Ground
Soil 0-5 cm

Tree leaves

Fodder
Grass

Food-stuffs
terr.
Milk, mixed

Grain

1-2
1-2
1

3-4

Sheep meat
Cattle
Elk
Roe-deer "
Goose "

0 - 1
1-2
1
1
1

22

22

10

1
1
1
1
1

1/graz.
per.

Quart. Gamma

Monthly Gamma

Gamin a ,
TLD

Gamma

Ann.

Ext.rad

(2.1)

(7)

1

8

32
Air
filter

Rain
water
Ground 5

Tree
leaves
Fodder
Grass 5

4(Rev.phase)

Food-stuffs
terr .
Milk, mixed

Grain
Vegetables

Cont.
Quart.

Ann.

Weekly

••

Ann.

Ann.

Semi-
ann.

••

Semi-
ann.
Ann.
On
request

Gamma

Gamma

••

Sr-90

Gamma

C-14

Sr-50

Gamma

Sr-90
Gamma

SR-90
Gamma

I o n i s . c h . HSK
TLI/ SUeR

R e u t e r - S t . "/HSK

Gatrma s p e c t . W .
SUcR

Gairma meas . M

SUeR

SUeK/IISK

Uni v. , LJern

ETHL

SUcR

HSK

ETHL

ETHUSampl.EGV)
SUe it



ENVIRONMENTAL MONITOKING
Airborne and terrestrial pathways

T a b . 3 . 1 1

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample No of

stat.
Quant. Frcq. Nuclides

studied
Measurem/
analysis

Sample No of
stat.

Quant. Frcq. Nuclides
studied

Measurement/
analysis

U K The operator carries out a specified programme as a
Chapelcross condition of authorisation.

Two examples are selected:
- Chapelcross
- Sellafield

(15)

Air

Food-stuffs,
terr.
Milk

Vegetables

5

0-3 km
3-6 "
12 stat . 2/jnonth

H-3
Ar-41

H-3
C-14
S-35
Sr-90
Cs-137

H-3
C-14
Sr-90

Milk

Vegetables

Scott. Office
Envir.Dep.

Sellafield Air
Air samplers
close to the
site perimet.

Air

Food-stuffs,
terr.
Milk

Deef muscle
Lamb "

liver
Chickens
Hens eggs
Roe deer
Wigeon
Mallard

Cabbage
Potatoes
Elderberries

(15)

11 Sr-90,Ru-lOG
Sb-125, Cs-13<]
Cs-137, Ce-144
Pu(alpha)
Am-241, Pu-211

0-3 km Weekly Sep. samples:
3-6 " bulked 1-129, 1-131

C-14

S-35, C-14
Sr-90,1-129
Cs-137
Pu (alpha)

C-14, Cs-137
Pu(alpha)
Am-241

C-14, Sr-90
Pu(alpha)
Am-241



ENVIRONMENTAL MONITORING

Airborne

Country

CUBA

and

A_

terrestrial

Sample

i r

pathways

S i t e o p e
No of Quantity
stat.

3

r a t o
Freq.

Oayl y

r
Nuclides
studied

Gross
be ta

Measurem./ Sample
analysis

Clammn spoct.
avter G
months

A u t
No of
stat.

h o r i t
Quantity

i e s
Freq.

Tab. 3.12

Nuclides
studied

Measurem./
analysis

Soil

Grass
Sediments

Investigations
on bio-indica-
tors



ENVinONMENTAL MONITORING
Marine/aquatic pathways

Tab.3.13

Country

FINLAND

S i t e o p e r a t o r A u t h o r i t i e s

GERMANY

Sample No o f Q u a n t i t y F r e q .
stnt.

Sea water

ItoUtoin sud.

Sinking
matter

Ind.orqa-
nisms
Fucus

Green algae

Macoma
Mytilus

Food.stufEs
marine/aqu.

Fish, wild
" farm

Water
Surf.water

Sediment

Ground water

4-5

Suvural

4 + 3

3 + 3

1 + 1

1+1

2 + 2

2
2
2

2

JAPAN

Reproc.plant

Water
River water 4

Sea water 4
near pipe-1.

20 km 1

River sed.

20 lit

20 lit

Nuclides Measurem./ Sample
studied analysis

No of Quantity Freq. Nuclides Measurera./
stat. studied analysis

3-4/y Gamma 3-4/y
M-1, r.r

1 / '1 y Gammn
Sr, Pu

Cont. Gamma 4/y

The Department of Nuclear Safety takes comparison
sninplc!s which .ire analysed by th<; Kusuarch Department

3/y

l/y

l/y

2/y
5-10/y

Gamma
Sr

Gamma

Gamma
Sr

Gamma
Gamma

3/y
l-2/y
l/y

i/y

2/y
5-10/y

Cont. H-3 Eval.Q Water
Oth.beta " Surf.water 2

0

Semi-
ann.

Q

Y

Semi-
nnn.

Ind

Ind

Tot.
H-3

H-3
Tot.
Pu

11-3
Tot.
Pu

Tot.

. nucl

. nucl

beta

beta

beta

beta

eval.

Gamma
eval.

Gamma
c va 1.

Q

spect.
Q

spect.
Q

Serai-ann.

0
Y

Q
Q
Y

Semi-ann.

2
7

Food-stuffs
marine/aqua.

Fish meat 2

Drinking
water

Sediment

1

1

1

3

(10)
Cont. M-3 Eval. Q

" Oth.beta
" Ind.nucl.Gamma spect.

Eval. Q

Semi- Gamma
ann.

Q Ind.
nucl.

Cont. Sr-90

Semi- Ind.
ann. nucl.

" Gamma

Gamma spect.
Semi-ann.

Gamma spect.
Eval. o

Scmi-ann. eval.

Gamma spect.
Semi-ann. eval.



ENVIRONMENTAL MONITORING
Marine/aquatic pathways Tab. 3.14

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample No of Quant i ty Freq.

stat.
Nuclides Measurem./ Sample
studied analysis

No of
stat.

Quantity Freq. Nuclides Measure^./
studied analysis

JAPAN
Reproc.plant Sea water

Near pipu-
lino

20 km

Sediment
Near pipe-
line

Oth.places

Shore water

4

1

5

3

5

100 g dw

20 lit

Quart.

Ann.

Semi-
ann.

Semi-
ann.

H-3
Tot.beta
Pu.oth.
nucl.

Pu

Pu

H-3
Tot.beta
Pu

Quart.

Ann.

Semi-arm.

Scmi-ann.

Ann.
Shore sand 5 100 g Quart. Dose rate Quart.

Quart.

Food-stuffs,
marin/aquatic.
Marine org:
-Juv.sardine 2
-Flat fish 2
-Shell " 2
-Brown alg. 3

Fishing n«t
Boat

Pover plants Sea water

Sediment

Food-stuffs,
marin/aquatic.
Fish

Algae

KOREA RP Food-Stuffs,
marine/aquatic

Fish, 3
shellfish

Bio-indicators

1
1
1
1

2O

100

1

1

5

kg w

lit.

g

kg ww
„

kg

Quart.

Quart.

Semi-
ann.

Ann.
»

Semi-
ann.

Sr-90
Ru-106
Cs-134
Cs-137
CePr 14'.

Dose rate
•i it

Gross
beta
Gamma

Gc-dct.

3 kg

Sediment 3-8 1 kg

Aquat.plants 3-8 5 kg
and animals

Gross
beta
1-131
Gamma

Gross
beta
Gamma

Gross
beta
Ganuna



ENVIRONMENTAL MONITORING
Marine/aquatic pathways Tab.3.15

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample No of

stat.
Quantity Frcq. Nuclides

studied
Measurem./ Sample
analysis

No o£
stat.

Quantity Freq. Nuclides
studied

Me-isureirc. /
analysis

LITHUANIA Sediment Ailn . CK-137
8a1 tic Sea
Curuuian
Bay

Sediment +
biota 1 Ann.
Kaunas Sea

At Ingalina: Druksiai Lrike
Water B 2/y
Sediment
Microphytes
Water plants
Plankton

Food-stuffs
marine/aquat.

Fish

Underground water
Depth 3-5 m A

5-20 in 28

Artesian water

Depth 20-170 ra

LUXEMDOURG River water
(Mosello) 1 Aut.

1 4Oml/3Omin

Oth.samples

Food-stuffs
marine/aquat. fr Moselle and
Fresh-w fish 2-3 Sure Monthly
Bioindicators

K-'IO
Sr-90
l'u-239
Pu-240

Gamma,
Sr-90

Tot.beta Mon.stat.
Gamma
Cs-137
Cs-134
K-40
Co-60
Mn-54
Fe-59
Ce-144
RU-106
Sr-90

H-3
Cs-137
Sr-90
Corr.nucl

11-3
C-14
Cs-137
Sr-90
Corr.nucl

C-14
11-3
He

1-131
Tot.gamma

H-3 Gamma spect
Gross weekly
beta

Gross Gamma spect
beta
H-3

C-H )
Sr-90 )Not determ.
Alpha sp.)

Sediments,Mose1le
Hud fr 8-10 sewage plants

2/m
Ann.



ENVIRONMENTAL MONITORING
Marine/aquatic pathways Tab. 3.16

Country S i t e o p e r a t o r A u t h o r i t i e s
Sample No of

stat.
Quantity Freq. Nuclides

studied
Measurem./
analysis

Sample No of
stat.

Quantity Freq. Nuclides
studied

Mcasuren./
analysis

MALAYSIA It is the responsibility of the Licensee to implement
the monitoring proy ratnmes. The Licensee may implement
these programmes himself or via culsulting bodies,
recognized by the Board.

Water 17
30
44

Sediment 14

Food-stuffs
marine/aquat.

SWEDEN

Basic envir.
mon.program

Oyster
Fish

Water

Sediment
sed.trap

Algae
Kiesel alg.
Clad.enter
Fucus

67

1

1-4
1

1
2-4
2-7

Bottom animals
Litt/Lymn/
Theod.(horn.)1-2
Mytilus 1-3
Macoma.hom. 0-1

Food-stuffs,
marine/aquat.

Lobster,
muscle
Crab,muscl.

Fish:
Eel
Cod muscl.

+liver
Brayback

muscl.
Herring "
Pike
Perch

1
1

2-3
1

1
1
1
0-3

Monthly

2/y

Monthly

Quart.

i/y
Quart.

Monthly
i/y

Gross
Gross
Gamma

Gross
Gross
Gamma

Gross
Gross
Gamma

beta
alpha

beta
alpha

beta
alpha

(23)

i/y

2/y
i/y

2/y
i/y
2/y
2/y



ENVIHONMENTA1. MONITORING
Marine/aquatic pathways

Tab. 3.17

Country Sample
S i t e o p e r a t o r A u t h o r i t i e
No of
stat.

Quantity Freq. Nuclides
studied

Measurem./ Sample
analysis

No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
an.ilysis

SWEDEN The annual sampling in spring regarding algae and verti-
brates is replaced by an intQnsive sampling survey

Intensive every four years. liven the sediment investigation is
environ- replaced by a more extensive regional control programme
mental mon. every four years.
programme

Sediment 12-19 /4 y

Algae

Cladophora
Fucus

4-5
4-9

(23)

Littorina/
Lymnaea
(homog.)
Hytilus,
soft parts
Macoma

2-3

3-5
1-3

SWITZERLAND Water
Surf.water
Rhein
Inflow KKL
Outflow " 2

Upstream KKL
50 m

Downstream "
14 km

Sediment,
vegetation,
plancton

Weekly 11-3
Gamma

Monthly
Weekly

Water Semi-ann H-3

" Gamma
spect.

(Par. with measurements by KKL)

Sediment 2 Semi-ann Gamma
Upstream
KKL 1.5 km

Downstream
KKL 2 km

Plankton
from Rhein 2 " "
Upstream
KKL 3.5 km
Downstream
KKL 14 km

Water veg. 1 " "
Downstream
KKL 14 km

Ground water 3 " "

Food-stuffs
Marine/aquatic
Fish

(7)

EAWAG Semi-ann

EAWAG

EAWAG Semi-ann
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Marine/aquatic pathways Tab. 3.18

Country S i t e p e r a t o r A u t h o r i t i e s
Sample No o£

stat.
Quantity Freq. Nuclides

studied
Measurem./ Sample
analysis

No of
stat.

Quantity Freq. Nuclides
studied

Measurem./
analysis

UNITED KINGDOM

Chapelcrons _ ,. . ,-^ Fodd-stuffs,
marine/aquat.

Flounders

Sea trout/
salmon

Shrimps

Seaweed fr
the pipeline
outfall
Most signif.
nuclide

Sr-9O,Cs-134
Cs-137

Sr-9O,Cs-134
Cs-137

Sr-9O,Cs-134
Cs-137

Cs-137

Sellafield The operator carries out a specified programme as a
condition of authorisation.

Irish Sea

Water
Off-shore
transects

Cumbrian

24

28

13

Sand
Seabed sed.

Ext.rad.
Along the
coast over
mud banks

Local
waters
Rain water

River water

Lake water

Tap water
(mean)

3
3

2

3

2

4

Groundwater 14

Co-60,Zr-95
Nb-95,Ru-106
Sb-125,Cs-134
Cs-137
Pu (alpha)
Am-241

Gamma dose rate

H-3,Sr-9O
Cs-137
Pu(alpha)

Monthly

Collective dose commitment from Chapelcross
summed over all time:

(15)

UK population

European population
incl. UK

1.2 manSv

5.9

(15)
The Governmental authorized bodies carry out their own
programme as part of their responsibilities.

Thirdly, local and public organizations carry out moni-
toring programmes.

Collective dose commitment from Sellafield, discharges (1991)
summed over 10 000 years: (15)

UK population 8
European population 68

manSv

Radionuclides contributing:

H-3, C-14, Kr-85, 1-129, Cs-137, Pu(alpha), Am-241.
C-14 dominating.

Bulked
over 3 m



ENVIRONHENTAX, MONITORING

Marine/aquatic pathways

Tab. 3.19

Country S i t e
Sample No of

s tn t .

o p e r a t o r A u t h o r i t i e s
Quant. Freq. Nuclides

studied
Measurem./ Sample
analysis

No of Quant,
stat.

Freq. Nuclid-iS
studied

Measurem./
analysis

UNITED KINGDOM
SellaFi«id F o 0 d_ s t u f f s #

marine/aqua.
Fish
- Cod
- Place
- Whiting
- Rays
- Herring
- Dabs

Seaweed

Molluscs

Winkles
Mussels
Whelks
Cockles
Great
scallop
Queen

Crustaceans

Crabs
Lobster
Nephrops
Shrimps

:UOA Surf.water

Sea water:
-La Quebrada
Nucl.Res.
Center

-Jurague
Nucl.Power
Plant

3
2
3
2
1
1

2

4
3
1
1

1
1

1
1
1
2

2

2

2 kg

0.5 kg

2 kg

600 lit 2/y

(15)

C-14,Sr-9O
Zr-95,Nb-95
Ru-lO6,Cs-134
Cs-137,Co-60
Pu(alpha)
Am-241

Tc-99,Sr-9O
zr-95,Nb-95
Ru-lO6,Cs-137
Ce-144,Co-60
Ag-110
Pu(alpha)
Pu-241,Am-241
C-14

US)

Sr-9O,Cs-137 Investigations on bio-indicators in progress.



SOURCE AND ENVIRONMENTAL MONITORING

Organization of the work

Tab.4.1

Country Decision-
making

Sampling Sample
prep.

Measurements/
analyses

Quality
assurance

Staff
involved

D o c u m e n t a t i o n
Site operator Authorities

FINLAND STUK NPP Envir.Lab. of the Research Department
carries out the environmental monitoring
programmes as a consultant of the Power
Companies.

The NPP Envir.Lab. reports the results to
the Department of Nucluar Safety and to
the Power Companies.

The measurement systems and the operational
procedures for the release control have
been approved and are inspected regularly
by the Department of Nuclear Safety of STUK.

GERMANY To realize tt:» control programs, operating Licensees,
appropriate State Authorities and Federal Authorities
co-operate.

The Licensee as well as the State Measurement Locations
decide what samples to take; both take samples.

JAPAN Decision: Sample preparation and measurements:
Prefectural Technical staffs of power plants and of
Government prefectural Government,
and power
plant

The nuclear power plants have environment measurement
team; the Prefectural Government has at its disposal
a Nuclear Center or an Environmental Surveillance
Center with several technical staffs specialized in
radiation measurement or radioactivity analysis.

QA-proyrams at
the nuclear po-
wer stations.

The Research Dep.
makes once a year
control measure-
ments of the
samples taken
from airborne
and liquid disch.

The Research Dep.
of STUK maintains
the Discharge Reg.

8 persons
5 of them
with acad.
degree in
biol,phys.
or radio-
chem.

Stat.confidence
level:

-Cont.measur.
-Non- "

1 6"
3 y

Engineers
chemists
phys.

Examinations and
tests.

Quality control of
measurements:

Gamma, Sr, 11-3,
alpha.

Inter-comparison
tests

Data base
The operator
provides STUK
quart.and aan.
with reports
consisting:

Quart-reports

-Release data
-Dispersion
data

-Envir .moni •;.

Annual reports

-Release daia
-Dispersion
data

-Dose calc.
-Envir. moni:;.

Annual reports
with supple-
ments on:

-Monitoring of
radionucldies
in the environ
of Finnish njcl
power plants

-Monitoring of
radionuclides
in the Baltic
Sea

-Radioactivity
of foodstuffs
in Finland

Quaterly re:>or'_s (8)

Licensee Independent
measur.org.

Annual repo;ts
Licensee Independent org

Program for
monitoring
Results:
-Air
-Ground a. veg.
-Water
Surf.water
Sediment
Groundwater

-Diff.cond.

Program for
monitoring
Results:
-Air
-Aerosols
-Gamma rad.

Food-stuffs
terrestrial:
-Milk

Ground
Grass
Plants

Food-stuffs
marine/aquat. :

Technical staffs of power
plant or of prefectural
Government.



SOURCE AND ENVIRONMENTAL MONITORING

Organization of the work

Tab. 4.2

Country Decision-
makinci

Sampling Sample Measurements/
analyses

Quality
assurance

Staff
involved

D o c u m e n t a t i o n
Site operator Authorities

KOREA RP

LITHUANIA

The Ministry
of Science &
Techn. (MOST)

The Korea Inst.
of Nucl .Sixfuty
(KINS)

Heads of Envir.
program admin,
and participa-
ting labora-
tories

LUXEMBOURG

RUMANIA

The Ministry
of Health,
Div.oE Bad.
Protection

Proposals:
ERL

Korea El. Power Co KEPCO
Korea Atom. Energy Research Inst. KAERI
Korea Nucl. Fuel Co KNFC
Korea Inst.of Nucl. Safety KINS

The Hygiene
Center

Food-stuffs:
The Hygiene C.

Terr.waste
and soil:
Inst. of
Physics

Vegetation:
Inst. of Bot.

ERL

Supervision
stations equipped
for tele-communi-
cation

ERL

The proposals are approved by MOE
The scientific, technical and methodological coordination
of the NERSN is made by a specialized laboratory,
"Envir.Rad.Lab ERL", which belongs to the Institute for
Envir. Research and Engineering (IERE)

Annual reports
Ext.lab. of
Ingalina NPP

For envir.mon. A data base
1 scient.
1 el.ing.

30 1
50 '

1 techn.for
lab.work 100 '

NERSN:
Univ.deg.
High-
school
Tot

Small lab.
Empl.

54

114
168

43
3-5

i completed

MALAYSIA Graduates
Special training,
org.by IAEA

Annual report.
The Envir.Prot.
Department
The Hygiene C.
The Inst, of Phjs
The Inst.of Bot

Ann.summary rep
about kontam;.-
r.ation of total
Lithuania:

The Inform.
Center of En-
vir. Prot.Dep

A short report
published
monthly.

NERSN:
Monthly report

ERL:
Monthly repl to
MOE, CNCAN

RUMANIA
Abbreviations:
Min.of Health KOH
Min.of Env. MOE
Nat.Env.Rad
Surv.Network NERSN
Env.Rad.Lab ERL
Inst.for Envir.
Research and
Engineering IERE
Ag.for Surv.
and Env.Prot. ASEP



SOURCE AND ENVIRONMENTAL MONITORING

Organization of the work

Tab.4.3

Country Decision-
making

Sampling Sample
prop.

Measurements/
analyses

Quality
assurance

Staff
involved

D o c u m e n t a t i o n
Site operator Authorities

SWEDEN SSI, - Operator Operator

SWITZERLAND

HSK
SUeR

Source monitoring
The operator
Control measur. by
the authority

Env.measurements
The operator
Control measurem.by
the authority

Analyses
The operator
The Div.of Radio-
chra.lab. at SSI
and lab.at Studsvik

-Control by tliu
operator

-Supervision by
the SSI.

-Reg.measurements
by SSI of liquid
effluents.

-Intercalibration:
Gamma, alpha,
strontium,plut.

-Internal QA at
each site.

Source monitoring
Chemical or radio-
chemical div. at
the NPPs

Env.measurements
Specialized labora-
tories, on »_•. .alf of
the authorities

These measurem.
are controlled by
quarterly random
measurements by
HSK

UNITED KINGDOM
In the author,
is determined
sampl.and env.
surveys the op.
shall undertake.

The operator
has a sampling
survey program

The authorities
undertake their
own sampling
and survey progr.

CUBA The Center of
Protection and
Hygiene, through
Dep.of Rad.Env.
Surveillance

Control sampling
and surveys by
the authorities

Both by the operator and the
relevant authorities

Monitoring also by:

- The UK Nat. Rad. Prot. Board
- A variety of other bodies, assurance actual

both national and local

SSI:
Div.of Waste
Management a.
Env.Prot.

Div. of Rad.
chemistry

.Div.of Env.
:Rad.

Teams of
spec, at:

-the divisions
-at the nucl.
facilities

Lab.techn. Each oC the four laboratories
has an area for sample prepa-
ration, another for spectro-
metr. and radiometr.measurem.

Leibstadt Quart.rep:
B operator 11 Rhine act.
A " 9 Airborne
Shift super- act.dop.
visor 14 TLD data
Op. eng. 9
Rad.super-
visors
Chief su-
pervisors

Tot

10

_4
57

Annual reports
reg. release
to the atm. and
to water recip;

from 1985 even
including data
for Studsvik and
the Nucl.Fuel
Factory,vasteras

Reports by:
SUeR and HSK on:

-the supervision
work

-annual inform.
on theradioact.
in the Swiss
envir.

Qualifications,
training and
experience mat-
ched against
the duties.

Each lab:
A technicians
1 phys.eng.

6-8 experts

Reports Reports produced
produced

Records
regarding:

- Releases
- Measure.ii/

analyses
- tests and
- surveys

Information
to the rele-
vant author.

An annual report is published
containing results of measu-
rements and analyses.

Data from monitoring pro-
grammes are kept in a re-
cord for establishing a
data bank.



SSI-rapporter

95-01. Publikationer
SSI-Informationsenheten. Gratis

95-02. Statens stralskyddsinstituts
skyddskriterier for omhandertagande av
anvant karnbraiisle
Enheten for avfalls- och omgivningstillsyn 25 kr

95-03. The use of Algae in monitoring dis-
charges of radionuclides
- Experiences from the 1992 and 1993 moni-
toring programmes at the Swedish nuclear
power plants
Pauli Snoeijs, Puck Simenstad 60 kr

95-04. Kvalitetssakring av egenkontrollen
vid svenska karnkraf tverk och Studsvik AB
Vattenburna utslapp 1992.
Kemienheten 40 kr

95-05. Miljb'konsekvensbeskrivningar infor
slutforvaring av anvant karnbransle m.m.
Boverket, Riksantikvarieambetet, Statens kdrnkraftin-
spektion, Statens naturvdrdsverk, Statens strdlskydds-
institut 60 kr

95-06. Jamforelser mellan omgivnings-
matningar och modellberakningar av radio-
aktiva amnen i fisk vid de svenska karn-
kraf tverken och Studsvik
Olle Karlberg 40 kr

95-07. Kontrollmatning av lag- och medelak-
tivt avfall avsett att slutf^rvaras i SFR-1;
1994 ars matningar
Magnus Westerlind, Olof Karlberg, Gunilla Lind-
bom, Ingemar Lund 40 kr

95-08. A BIOSPHERE MODEL for use in the
SKI Project SITE-94
Runo A G Barrdahl 50 kr

95-09. Kalibrerings- och normalieverksam-
heten vid riksmatplatsen under 1994
UlfNilsson, Jan-Erik Grindborg, Olle Gullberg
och Goran Samuelson 40 kr

95-10 Underlagsmaterial till SSIs
granskning av SKBs komplettering av
forskningsprogrammet for 1992
M Jensen, ] Nolin, G Sundkvist 60 kr

95-11. The SSI TOOLBOX Source Term
Model SOSIM
- Screening for important radionuclides and pa-
rameter sensitivity analysis
R.Avila Moreno, R. Barrdahl, C. Hagg 50 kr

95-12. Forslag till kursplan
Tillstclndsbunden utbildning i strSlskydd och
utrustningens handhavande for
personal i rontgenverksamheter
Medicinsk Jysik och teknik, Enheten for rdntgen
och radioaktiva amnen 50 kr

95-13. Karnkraf tindustrins
- aktivitetsutslapp
- yrkesexponeringar 1994

Huvudenheten for ka'rnenergi 50 kr

95-14. Orienterande undersokning av effek-
ten av vattenbehandlingsutrustning pa
radonhalten fran borrade brunnar
Connie Boox, Geosigma AB 40 kr

95-15. Determination of the Neutron and
Photon Dose Equivalent at Work Places in
Nuclear Facilities of Sweden
An SSI - EURADOS comparison exercise.
Part 1: Measurements and Data Analysis
H.Klein and LLindborg WOkr

95-16. Determination of the Neutron and
Photon Dose Equivalent at Work Places in
Nuclear Facilities of Sweden
An SSI - EURADOS comparison exercise.
Part. 2: Evaluation
H. Klein and L. Lindborg 100 kr

95-17. Persondosmatningar
Arsrapport 1994
Lars Bergman 40 kr

95-18. Radon i vatten fran bergborrade
brunnar
Resultat fr3n en undersokning i Orebro kommun
E. Liden, A. Linden, L. Andersson, G. Akerblom,
T. Akesson 100 kr



SSI-rapporter

95-19. Omgivningskontroll vid karnkraft-
verkcn och Studsvik 1992-1993
Rcsultat friii matning av radionuklidhalter i
miljoprover, samt SSI:s stickprovsmatningar
P. Bengtson, C-M. Larsson, P. Simenstad,
J.Suomela 60 kr

95-20. En bedomning av halso- och miljosi-
tuationen i gruvsamhallet i Krasnokamensk,
ostra Sibirien, Ryssland
Hans Ehdwall et al 70 kr

95-21. An assessment of the health and envi-
ronmental situation in the mining commu-
nity Krasnokamensk, East Siberia, Russian
Federation
Hans Ehdwall et al 70 kr

95-22.Matkorgsundersokning hosten 1994
Hans More et al 40 kr

95-23. Comparison of BIOPATH and
MARCEN
Rodolfo Avila Moreno,Runo BarrdahUUlla Berg-
strdm, Sture Nordlinder 40 kr

95-24. Forskningsplan for utlagd forskning
1995/1996
Forskningssekretariatet 40 kr

95-25. Kvalitetssakring av egenkontrollen
vid svenska karnkraftverk och Studsvik AB
Vattenbuma utslapp 1993
Kemienheten 40 kr

95-26. Statens stralskyddsinstituts gransk-
ning av ASAR-rapport for Oskarshamn 1
Thommy Godds 50 kr

95-27.Sakerhets-och stralskyddslaget vid de
svenska karnkraf tverken 1994/95
Statens karnkraftinspektion rapport 95:63,Statens
strdlskyddsinstitut Gratis

95-28. Statens stralskyddsinstituts gransk-
ning av ASAR-rapport for Ringhals 2,1994
Peter Hofvander 50 kr

95-29. Patientdoser vid datortomograf i med
lathund for berakning av effektiv dos
G. Szendro, B. Axelsson, W. Leitz 25 kr

95-30. International Survey of
Environmental Programmes
- a compilation of information from twelve
countries received in response to a question-
naire distributed in 1992
Ch. Gyllandcr, O. Karlberg, M. tuning, C-M.
Larsson and G. Johansson WO kr


