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SUMMARY: This report describes the Swedish plans for implementation of the
OSPAR strategy with regard to radioactive substances. Revised release regulations
for nuclear facilities are the primary tool in the work for achieving the objectives of
the OSPAR strategy. The limitation of releases of radioactive substances shall be ba-
sed on optimisation of radiation protection (ALARA) and the use of best available
technique (BAT). Technical improvements to reduce discharges from the nuclear fa-
cilities include changes of daily routines in the waste management. Plans for the fu-
ture include the introduction of new purification techniques and modernisation of
waste facilities.

The implementation of the new regulations, and in particular the introduction of
BAT in terms of reference and target values for nuclear power reactors indicates the
foreseen reductions of releases for the forthcoming five years. After that time, new
reference and target values will be established. The regulations stipulate that moni-
toring of releases of radioactive substances shall be reported to the authorities. The-
se reports will fulfil the demand for following-up of the progress of implementing
the strategy. In particular, in yearly reports the progress towards reaching the target
values will be monitored.

SAMMANFATTNING: OSPAR-konventionen for skyddet av den marina miljon i
Nordostatlanten tridde i kraft 1998. Konventionen har ratificerats av 16 linder samt
EU. Vid OSPAR:s kommissionsméte i Sintra 1998, kom miljoministrarna éverens
om att utslipp och lickage av radioaktiva 2zmnen successivt ska minska och att hal-
terna av dessa imnen i den marina miljon ska vara nira noll for artificiella radioak-
tiva Amnen ar 2020, halter i miljon orsakade av historiska utslipp undantagna. Som
ett led i att uppna strategins mal ska varje land redovisa en nationell plan fér genom-
forande av strategin.

I denna rapport redovisas den svenska planen. Planen innehaller en redogorelse for
SSI:s nya foreskrifter for begransning av utslapp fran vissa kirntekniska anlaggning-
ar, en beskrivning av de forindringar som berorda karntekniska anliggningar plane-
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Summary

1. This report describes the Swedish plans for implementation of the OSPAR strategy with
regard to radioactive substances. It is foreseen that the plan will be updated and revised when
necessary. The details of the national plan can be summarized as follows:

2. Moadifications of discharge authorisations. Revised discharge regulations for nuclear facili-
ties entered into force 1 January 2002. A main objective of the new regulations is to limit and
decrease the releases of radioactive substances from the nuclear facilities. The limitation of re-
leases of radioactive substances shall be based on optimisation of radiation protection (ALARA)
and the use of best available technique (BAT). The regulations are the primary tool in the work
for achieving the objectives of the OSPAR strategy. The discharge regulations for non-nuclear
facilities are presently being revised.

3. Technical improvements to reduce discharges. Changes of daily routines in the waste man-
agement are presently used to reduce discharges from the nuclear facilities. Plans for the future
include the introduction of new purification techniques and modernisation of waste facilities.
Both in the short and the long-term view it is primarily the releases of activated corrosion prod-
ucts that will be reduced.

4. Forecasts to the year 2020 including intermediate goals. The implementation of the new
regulations, and in particular the introduction of BAT in terms of reference’ and target® values
for nuclear power reactors indicates the foreseen reductions of releases for the forthcoming five
years. After that time, new reference and target values will be established. This will enable the
competent Swedish Authority (The Swedish Radiation Protection Authority) to effectively over-
see that the reduction of discharges will meet the objectives of the Strategy by 2020.

5. The Swedish Parliament has established 15 environmental quality objectives. According to
the environmental quality objective “a safe radiation environment”, the concentrations of radio-
active substances in the environment emitted from al human activities will by the year 2010 be
so low as not to represent a threat to human health or biological diversity. From each practice,
the additional annual individual dose to members of the public will be lower than 10 microSv.
For Swedish nuclear facilities, the dose to members of the publicis at present below 10 microSv
per year.

6. Monitoring, and reporting on, progress towards the intermediate goals. The regulations
stipulate that monitoring of releases of radioactive substances shall be reported to the authori-
ties. These reports will fulfil the demand for following-up of the progress of implementing the
strategy. In particular, in yearly reports the progress towards reaching the target values will be
monitored.

! The reference value shall show the present normal and optimised level of discharges from a nuclear power reactor

2 The target value shall show the level to which the discharges can be reduced during a specified time.



Introduction

7. At the 1998 Ministerial and Commission meeting under the OSPAR Convention, the Con-
tracting Parties agreed on an OSPAR Strategy for radioactive substances, also summarised in
the Sintra Declaration. The objective of the Strategy is to prevent pollution of the maritime area
from ionising radiation through progressive and substantial reductions of discharges, emissions
and losses of radioactive substances, with the ultimate aim of concentrations in the environment
near background for naturally occurring radioactive substances and close to zero for artificial
radioactive substances. Effects from historical discharges are to be excluded.

8. At the OSPAR Commission meeting in Copenhagen 2000, the Commission considered that
it was a priority for Contracting Parties to present to the Commission by 1 June 2001, and at the
latest by December 2002, details of their national plans for achieving the objective of the
OSPAR Strategy with regard to Radioactive Substances. These national plans should include
information on:

Modifications of discharge authorisations;

Technical improvements to reduce discharges,

Forecasts to the year 2020, as precise as possible, of anthropogenic discharges and dis-
charges of radioactive substances which may reach and affect the maritime area,
according to sector/activity and according to the region of the maritime area affected or
likely to be affected.

9. At the OSPAR Commission meeting in Vaencia 2001, the Commission decided that the
details of the national plans should be provided at the latest by 1 July 2002. The Commission
also decided that the Radioactive Substances Committee will develop, by its meeting in 2003,
for consideration by the 2003 Ministerial Meeting of the Commission:

A statement of intermediate goals which are forecast to be achieved under each of the
national plans between 2003 and 2020, and the dates by which they are expected to be
achieved;

Proposals for monitoring, and reporting on, progress towards those intermediate goals.

10. In May 2001, Sweden submitted to the Commission a draft report describing the preliminary
plan for achieving the objective of the OSPAR strategy. The present report is an update of that
draft report. The plan will be updated and revised when necessary. The plan considers dis-
charges from both nuclear and non-nuclear facilities, but the emphasis is put on nuclear facili-
ties.

Nuclear facilities

MODIFICATIONS OF DISCHARGE AUTHORISATIONS

Legislation and regulations — general background

11. The aim of the Swedish Radiation Protection Act (SFS 1988:220) is to protect humans and
the environment against harmful effects of radiation. In adhering to this general goal, licensees
have the full responsibility to take the measures and precautions required to prevent or counter-
act harm to humans and the environment. Furthermore, the licensee has to maintain properly the
technical devices and the measuring and radiation protection equipment used. Accordingly, the
operators of nuclear facilities have the responsibility for control and measurements of releases
of radioactive substances. The Radiation Protection Ordinance (SFS 1988:293) states that the



Swedish Radiation Protection Authority (SSI) may issue regulations concerning the provisions
in the Act, which is fairly genera and the provisions are thus further specified by SSI's regula-
tions. In 1977, on the basis of the authorisation granted in the Ordinance, SSI issued the first
genera regulations concerning limitations of releases of radioactive substances from nuclear
power plants. Minor revisions of the regulations have been made during the period of more than
twenty years that the regulations were in use (SSI FS 1991:5). A major revision of the release
regulations entered into force 1 January 2002 (SSI FS 2000:12).

New regulations — modifications of discharge authorisations

12. The new regulations (SSI FS 2000:12) concerning protection of human health and the envi-
ronment from releases® of radioactive substances from certain nuclear facilities are valid for
nuclear power reactors, research reactors, fuel fabrication facilities, interim storage of spent
fuel, and waste disposal facilities during their operating phase (shallow land burials for low-
level waste are excluded).

13. The main objective of the regulations is to limit and decrease the releases of radioactive
substances from the nuclear facilities. The limitation of releases shall be based on optimisation
of radiation protection (ALARA — As Low As Reasonably Achievable) and use of the best
available technique (BAT).

BAT and ALARA

14. The concept of BAT shall be used as a complement to the ALARA-concept. In the regula-
tions, BAT is defined as “the most effective measure available to limit the releases of radioac-
tive substances and the harmful effects of the releases on human heath and the environment
which does not entail unreasonable costs’. There are similarities between ALARA and BAT but
there are also differences making the two concepts complementary. ALARA focuses on indi-
vidual doses and stems from risk estimates for stochastic effects proposed by the International
Commission on Radiological Protection (ICRP). ALARA has proved to be an effective tool for
managing risks to humans after low-dose exposures taking into account individual doses, the
number of exposed individuals and the likelihood that the exposure will occur. When focusing
on the protection of the environment* it is not clear that stochastic effects are the most critical
when considering other organisms than humans. The precautionary principle, originating from
the Rio-conference in 1992, suggests that in order to protect the environment, positive actions
may be required before scientific proof of harm has been established. The focus is therefore
more on methods that will reduce or eliminate the input of hazardous waste into the environ-
ment than determining the assimilative capacities. The precautionary principle implies that con-
cepts like BAT should be applied. A feature of the precautionary principle is that it will enable
both present and future generations to meet their sustainable needs by reducing the input of
pollutants into the environment. At present, it seems that the precautionary approach using BAT
is more efficient than ALARA in taking actions to avoid any possible negative effects on the
environment in the future.

Reference values and tar get values

15. The BAT concept is applicable to all sources of radioactivity at a nuclear facility. However,
in the regulations nuclear power reactors are specialy emphasised by introducing so called ref-
erence values and target values for the releases of radioactive substances. The reference value
shall show the present norma and optimised level of releases from each reactor. Taking the

% In this report "releases’ of radioactive substances are the total of "emissions’ to the air and "discharges’ to the
marine environment.

* Several international organisations, for example ICRP, EU and IAEA, are presently involved in work concerning
the protection of the environment. In particular, the EU-project FASSET (Framework for Assessment of Environ-
mental Impact) is coordinated by the SSI.



BAT concept into consideration the facility shall also set up target values for each reactor. The
target value shall show the level to which the releases can be reduced during a specified period
of time. It is fundamental that the process for setting up reference and target values is based on
the understanding of the BAT concept and on an open dialogue between operators and the SSI.
Thisis also a process over many years, as changes and modifications of technical systems need
long-term planning. The dialogue will result in a proposal for reference and target values formu-
lated by the operators. This proposal will be scrutinized and approved by SSI. The first refer-
ence and target values are set for each reactor from 1 January 2002 and are valid for about five
years. At that time new reference and target values will be established.

Dose constraints and critical groups

16. According to SSI’sregulations (SSI FS 1998:4) the dose limit for members of the publicis 1
mSv per year from all contributing artificial radiation sources. This limit is aso in accordance
with the EC Basic Safety Standards (BSS) and the International BSS. Taking into consideration
that an individual may be affected by dose contributions from more than one facility or source, a
dose constraint for a particular site is set to 0.1 mSv per year in the regulations. In these regula-
tions, this constraint shall in effect be regarded as a limit for the doses resulting from the re-
leases (emissions to the air and discharges to the marine environment). The facility has to show
that the doses from releases are below 0.1 mSv per year to the most affected individual. To take
into account that some of the radioactive substances will be present in the environment for a
long time, it is important to compare the dose constraint of 0.1 mSv with the dose commitment
from a yearly discharge rather than with the dose from the discharge. SSI has chosen to set the
integration time to 50 years when calculating the dose commitment. This time period is sup-
posed to be conservative enough taking the expected operational time for nuclear power reactors
in Sweden into consideration.

17. To ensure that the public is sufficiently protected the most exposed individuals in the public
are defined as the critical group as described in ICRP Publication 60. There are different meth-
ods for defining the critical group. One is to identify the critical exposure pathways for each
radionuclide and then identify the exposed individuals. Another method is to define a hypotheti-
cal group of individuals where all exposure pathways are represented. It is the responsibility of
the facility to perform the calculations, but SSI will scrutinize the assumptions. For most facili-
tiesit is enough to use a general, more conservative approach because the calculated doses is far
below the dose constraint of 0.1 mSv. The choice of a hypothetical group will then be sufficient.
If the calculated dose to the hypothetical group exceeds 0.01 mSv (1/10 of the dose constraint) a
real (existing) group shall be used as well as more realistic assumptions. In doing that, the most
affected area shall be defined, also taking into consideration future use of the land.

Revised dose calculations

18. As a conseguence of the new regulations and of the requirements in the EU BSS to make
more realistic dose estimates, the earlier dose calculations have been revised. They now also
include the six age groups defined in the EC BSS.

TECHNICAL IMPROVEMENTS TO REDUCE DISCHARGES

19. The Ringhals nuclear power plant (NPP) is the only Swedish nuclear facility that discharges
into the Convention waters. However, by tradition Sweden has also reported discharges from
the Barseback NPP which discharges into waters close to the Convention area.

Ringhals nuclear power plant

20. Ringhasis a nuclear power plant with one boiling water reactor (BWR, unit 1) and three
pressurised water reactors (PWR, units 2-4), auxiliary facilities for waste treatment, mainte-
nance etc, and a shallow land repository for low-level radioactive waste resulting from the op-
eration of the plant.



Short description of systemsto reduce discharges

21. The wastewater to be discharged is purified by particle filtration or ion exchange filters. To
reduce the processing efforts, the wastewater is segregated according to contents of activity and
chemicals (e.g. detergents and particles in the floor drain). Water containing low levels of activ-
ity is discharged without any further treatment. The judgement, however, is based on dose to the
critical group rather than on activity. Evaporation of wastewater is not used, since the evapora-
tors installed have too low capacity to process the total amount of liquid. In the recycling of
boron in the PWR- units, evaporation is used.

22. The efficiency of the discharge reducing systems may be quantified by comparing the activ-
ity discharged with the activity deposited on the clean-up demineralisers of the reactor systems
and the spent fuel pools. For Co-58 this “discharge index” is in the range 10° to 10 for unit 1
(BWR) and for units 2-4 (PWR) in the range 10 to 107, For Co-60, the ranges of the discharge
index are 10 to 10° for all four units. On specia occasions, for example, when large volumes
of water have to be treated in a short period of time or when the filters do not readily take up the
physical or chemica forms, the fraction discharged may be higher, i.e., the removal efficiency
of the reducing systems is then lower.

23. All tritium produced in the plant is discharged to the environment, although not necessarily
in the same year asit is produced.

Present work on improvementsto reduce dischar ges

24. The operator is presently working on minor changes of daily routines in order to reduce
discharges. These changes include gaining better knowledge about the systems for purification
of wastewater and retention of discharges but aso the introduction of new routines to optimise
operation of the systems:

Reduction of the amount of water used to achieve effective purification;

More accurate follow-up and operation of purification filters for reaching maximum qp-
erating conditions;

In certain cases, transfer of wastewater from one unit to another in order to optimise the
use existing facilities.

25. Experiments with new types of purification techniques are also being pursued. In the year
2001, experiments with new membrane techniques were started. If these experiments are suc-
cessful the technique might be qualified to become an option as BAT and brought into use when
larger maintenance or replacement will be necessary in the existing systems. When considering
new techniques, it is crucial that the waste management aspect is taken into account as any
waste resulting from the new technique must meet the requirements for the disposal systems that
are presently in use in Sweden.

26. On the basis of experience from fuel failures in 1992 - 1994, the operator has introduced
more stringent regimes for preventing fuel failures, and for fuel replacement in the event of new
fuel failures.

27. The main dose contribution to the critical group from the emissions and discharges from the
Ringhals site has for many years originated from the emission of noble gases from the BWR
(see table 1 in the Annex). Therefore, the operator has focussed on efforts to reduce the envi-
ronmental impact by installing a recombiner in the delay system for noble gases. In order to
further improve the delay of noble gases, the operator has aso reduced the leakage of air into
the turbine system. As the dose contribution from the discharges (figure 1 and tables 2-5 in the
Annex) has been substantially lowered, it has been logica to give highest priority to reduction
of the emissions of noble gases.



28. However, in pardlel to reduction of emissions, the operator has a so implemented modified
procedures to reduce the discharges. In Unit 1, a project with the aim to identify each single
contributing liquid waste stream has been performed. The second stage will soon be started,
where significant contributions to volume or activity will be reduced either by modification of
the equipment or by using modified operating procedures.

Futurework on improvementsto reduce dischar ges

29. The improvement of daily routines has been in progress for a couple of years and the result
is decreasing discharges of radioactive substances. This will result in minor changes of the
waste treatment system design and operations. Experiences gained will form a basis of know-
how for future magjor changes in the systems.

30. An estimate of the time period needed for introducing new purification techniques would be
ten years. This would mean that the effects in terms of discharge reductions would primarily be
seen during the second decade of the century. This type of new technique, if feasible, islikely to
give a significant reduction the discharges.

31. Both in the short-term and the long-term view it is primarily the discharges of activated
corrosion products that will be reduced. Discharges of fission products are aready small but
will aso be reduced by the measures mentioned. Discharges of tritium are aready at alevel that
is dependent on the level of production in form of activation of the coolant or boric acid respec-
tively (PWR). Discharges of tritium are not affected by the reduction of water volume.

Dose to the critical group from discharges from Ringhals and Barsebéack
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Barseback nuclear power plant

32. Barsebéck is anuclear power plant with one boiling water reactor (Unit 2) in operation, and
auxiliary facilities for waste treatment, maintenance etc. In accordance with governmental deci-
sion, the Barsebédck Unit 1 was closed down permanently on 30 November 1999.

Short description of systemsto reduce discharges

33. Clean-up of wastewater is performed by using ion exchange filters in the reactor cleaning
circuit, ion exchange filters for condensate cleaning, and mechanical and ion exchange filters
for separation of particulates and ionogenic contaminants from the wastewater in the waste fa-



cility. An evaporation plant can be taken into use if afuel failure should occur. The operator has
adopted a fuel failure strategy. Systems for clean-up of air include recombiners and sand tanks
for retention of noble gases in the process gases, and carbon filter beds for ventilation during
operation. Measurement of filter and ion exchange masses during 1992 - 1998 gives an average
value of 3.9 10" Bq per year. The discharge value to the sea during 1992 - 1998 gives an aver-
age value of 7.2 10 Bq per year (excluding C-14 and tritium). The efficiency is 98.2%.

34. The discharges have shown downward trends over the years. During the last eight years
there was a transient peak in 1996 (see table 6 in the Annex). In that year, an intensive testing
campaign took place, initiated by safety regulations. This resulted in large volumes of wastewa-
ter and elevated discharges of Co-58 and Co-60 during August 1996. The doses to the critical
group from the discharges to water also show an increase during 1996 (see table 7 and figure 1).

Future work on improvements to reduce dischar ges
35. A future project concerning waste management isinter alia aimed at modernising the waste
facility, and at improving the routines for handling the laundry.

36. In the policy concerning damaged fuel the new view is that there should be no tramp ura-
nium on the core. Regarding handling of fuel, the routines are under revision.

37. The operator is evaluating the possibility to up-grade the evaporator and to use parts of the
closed Unit 1 to the benefit of Unit 2 ill in operation, for example using the sand tank for re-
tardation of emissions.

FORECASTS TO THE YEAR 2020 INCLUDING INTERMEDIATE GOALS

38. The regulations (SSI FS 2000:12) concerning protection of human health and the environ-
ment from releases of radioactive substances from certain nuclear facilities entered into force 1
January 2002. A main objective of the new regulations is to limit and decrease the releases of
radioactive substances. This limitation of releases of radioactive substances shall be based on
optimisation of radiation protection and use of the BAT. Thisis a process that is constrained by
the entailed costs. Future release limitations must also be seen in the light of the radiation doses
incurred and doses potentially saved by various actions, as well as the total activity released to
the environment. It istherefore not redlistic to make a reliable forecast of the total reduction of
discharges or intermediate for such reductions up to the year 2020.

Reference and Target values

39. The reference and target values for nuclear power reactors give information on planned
reductions of releases for a specified period of time. Presently, reference and target values have
been set for the four Ringhals reactors until 2006, and for the Barsebéck reactor until 2004. Af-
ter that time new values will be established. Reference and target values will enable the Swedish
Radiation Protection Authority to effectively oversee that the reduction of discharges will meet
the objectives of the Strategy by 2020.

40. The planned reductions of releases from the Ringhals reactors are focussed on reducing
emissions to air, i.e. the target values are lower than the reference values for specific radionu-
clides. In the case of discharges there are no differences between reference and target values for
the time up to 2006. However, in spite of that, it is a judgement that the discharges may de-
crease as a conseguence of on-going changes in the daily routines and the new technique pres-
ently tested. A forecast for the Ringhals NPP shows that over a ten-year period, and on certain
assumptions, a reduction of discharges of radioactive substances in the order of ten may be pos-
sible. With the introduction of new technique currently explored, and if feasible, preliminary
estimates show a further reduction of the discharges by an order of ten in another ten-year pe-
riod.



41. For the Barsebéck reactor (unit 2) areduction with afactor of two of the Co-60 rel eases, the
reference nuclide and major contributor to dose, will be achieved during 2004.

Environmental goals

42. The Swedish Parliament has established 15 environmental quality objectives. One of these
is “a safe radiation environment” with the general objective that “human health and biological
diversity must be protected against the harmful effects of radiation in the environment.” One
interim target decided by the Parliament is: “By 2010 the concentrations of radioactive sub-
stances in the environment emitted from all human activities will be so low as not to represent a
threat to human health or biological diversity. The additional annual individual dose to members
of the public will be lower than 10 microSv from each practice.” Presently, the individual doses
to members of the public are below 10 microSv per year for both Ringhals and Barsebéck.

MONITORING, AND REPORTING ON, PROGRESS TOWARDS THE INTERMEDIATE GOALS

43. The baseline situation against which the progress in implementing the strategy should be
measured consists of three classes of baseline reflecting discharges, concentrations and doses.
The regulations stipulate that monitoring of releases of radioactive substances, the concentra-
tions in the environment and the doses shall be reported to the authorities. These reports will
fulfil the demand for following-up of the progress of implementing the strategy. In particular, in
yearly reports the progress towards reaching the target values will be monitored.

44. Environmental monitoring around nuclear power plants is performed in a way that is rele-
vant to assess long-term trends, to perform model verifications, and to ascertain compliance
with environmental goals. The data show low environmental concentrations of key radioactive
substances and do not revea any significant increasing trends. Although there are no systemsin
place to assess impact on non-human biota in a general fashion, present knowledge indicates
that the discharges from Ringhals and Barsebéck nuclear power plants cause no harm to the
marine ecosystems.

Non-nuclear facilities

MODIFICATIONS OF DISCHARGE AUTHORISATIONS

45. Theam of the Radiation Protection Act (SFS 1988:220) is to protect man and the environ-
ment against harmful effects of radiation. The Radiation Protection Ordinance (SFS 1988:293)
states that the Swedish Radiation Protection Authority may issue regulations concerning the
provisions in the Act also for non-nuclear facilities. On the basis of the authorisation granted in
the Ordinance, SSI has issued regulations (SSI FS 1983:7) on radioactive waste not associated
with nuclear energy giving clearance levels and conditions on handling and disposal of this type
of radioactive waste. These regulations are presently under revision.

Present discharges

46. There are around 300 different practices in Sweden possessing licenses from SSI to use
unsealed radioactive substances in medicine, research and industry. About 70 of these practices
are located in the Southwest of Sweden where the sewage is discharged into the OSPAR mari-
time area.

47. Thetotal import to Sweden of radioactive substances is reported annually from the import-
ing companies. Thus, SSI has the information on the total activity of each radionuclide used in
the country each year. From the hospitals, the most frequent users of unsealed radioactive sub-
stances, SS|I receive detailed annua reports on the diagnostic and therapeutic procedures (in
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vivo) with data on numbers of patients as well as the activity of each radionuclide used per pa-
tient in each procedure. The hospitals are, however, not required to report the activity dis-
charged.

48. SS| has made an overall estimation of annual use in the year 2000 of unsealed radionuclides
and liquid waste production for hospitals, research ingtitutions and pharmaceutical or biotechni-
cal industries in Sweden. The results show that hospitals are by far the most frequent users of
unsealed radioactive substances and the dominating radionuclides are 1-131 and Tc-99m that are
both short-lived. The contribution from other non-nuclear sectors was found to be negligible.

49. The annua amount of activity entering the Northeast Atlantic during 1999 has been esti-
mated to be 4.0 10" Bq per year 1-131 and 1.5 10" Bq per year Tc-99m. The major sources are
the hospitals in Gothenburg, Halmstad, Malmé and Lund. All these are located close to the
maritime area.

FORECASTS UP TO YEAR 2020

50. The regulations for non-nuclear facilities are under revision. It is too early to say how the
revision will affect the discharge limits from e.g. hospitals, but it is not foreseen that any con-
siderable changes will be introduced.
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Annex: Tables

ANNUAL EFFECTIVE DOSES TO THE CRITICAL GROUP, RINGHALS NPP

Table 1. The average dose to individuals of the critical group resulting from emissions and dis-
charges from the Ringhals nuclear power plant. Emissions do not include the contribution from
C-14 (ca 7 microSv).

Annual effective dose, microSv
Y ear 1993 1994 1995 1996 1997 1998 1999 2000 2001
Emissions 18 36 24 10 2 3.6 0.6 0.23 0.18
Dischar ges 1.2 0.55 0.24 0.15 0.4 0.2 0.097 0.04 0.06

ANNUAL LIQUID DISCHARGES, RINGHALS NPP

Table 2. Dischargesin Bq from Ringhals Unit 1, BWR, 1993 —2001

Nuclide 1993 1994 1995 1996 1997 1998 1999 2000 2001
H-3 5.03E+11 | 8.60E+11 | 8.32E+11 | 7.90E+11 | 4.89E+11 | 5.49E+11 | 9,86e+1l | 514E+11 | 6,73E+11
Co-58 2.45E+09 | 4.73E+09 | 4.35E+09 | 3.94E+09 | 1.13E+10 | 3.04E+09 | 4,25E+09 | 9,55E+08 | 8,80E+08
Co-60 4.18E+10 | 6.89E+10 | 3.79E+10 | 2.53E+10 | 1.08E+11 | 2.98E+10 | 1,42E+10 | 8,60E+09 | 1,69E+10
Zn-65 4.61E+08 | 1.24E+09 | 2.99E+08 | 1.48E+08 | 9.05E+08 | 8.87E+07 | 2,95E+07 | 1,65E+06 | 6,28E+06
Sr-90 2.50E+08 | 1.57E+08 | 9.94E+07 | 5.18E+07 | 5.92E+07 | 3.47E+07 | 2,48E+07 | 1,17E+07 | 2,39E+06
Zr/Nb-95 1.05E+09 | 3.14E+09 | 1.92E+08 | 2.02E+08 | 3.78E+08 | 1.72E+08 | 2,67E+09 | 1,21E+08 | 1,24E+08
Ru-106 1.75E+08 | 7.22E+07 | 3.55E+07 | 1.29E+08 | 3.05E+07 | 2,99E+07

Ag-110m 1.17E+08 | 1.01E+08 | 1.05E+08 | 2.53E+08 | 4.76E+08 | 3.22E+08 | 2,41E+08 | 9,42E+07 | 1,34E+08

Sb-125 1.02E+08 | 8.06E+08 | 2.16E+08 | 1.53E+08 | 2.50E+09 | 1.37E+08 | 6,13E+08 | 8,46E+07 | 9,83E+07

Cs134 2.26E+10 | 2.67E+10 | 2.75E+09 | 3.25E+08 | 4.21E+08 | 9.54E+08 | 1,48E+08 | 3,04E+07 | 5,29E+06
Cs-137 4.12E+10 | 4.06E+10 | 5.63E+09 | 1.73E+09 | 5.33E+09 | 1.02E+10 | 2,26E+09 | 4,21E+08 | 4,90E+08
Ce-144 6.22E+08 | 5.54E+08 | 8.27E+07 | 3.67E+06 | 3.23E+07 3,6E+07

Other 7.67E+09 | 9.91E+10 | 1.79E+10 | 1.63E+10 | 2.39E+10 | 7.65E+09 | 4,92E+09 | 1,07E+09 | 1,47E+09
nuclides

Total 1.18E+11 | 246E+11 | 6.96E+10 | 4.84E+10 | 1.53E+11 | 5.24E+10 | 2,94E+10 | 1,14E+10 | 2,01E+10
activity

(excl

tritium)

Total 2.91E+07 | 1.83E+07 | 5.13E+06 | 3.43E+06 | 6.30E+06 | 1.10E+07 | 3,65E+06 | 6,90E+05 | 3,91E+05
alpha
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Table 3. Dischargesin Bqg from Ringhals Unit 2, 1993 - 2001

Nuclide 1993 1994 1995 1996 1997 1998 1999 2000 2001
H-3 6.45E+12 | 8.34E+12| 4.47E+12| 9.87E+12| 7.13E+12| 8.49E+12 | 141E+13| 1,12E+13| 1,05E+13
Co-58 6.79E+09 | 5.34E+09 | 4.52E+09 | 4.53E+09| 2.27E+09 | 1.23E+10| 1,20E+09| 1,25E+09 | 3,78E+08
Co-60 8.97E+09 | 1.07E+10| 4.61E+09| 5.16E+09 | 2.01E+09 | 3.44E+09| 6,94E+08 | 1,34E+09 | 4,63E+08
Zn-65 1.37E+08 | 1.85E+08 | 3.51E+07 | 5.90E+07 | 1.73E+07 | 4.11E+07| 6,86E+06| 1,10E+07| 2,77E+06
Sr-90 1.47E+07 | 1.18E+07| 1.26E+07 | 6.81E+06| 3.75E+06 | 6.10E+06 | 4,01E+06 | 4,10E+06 | 8,45E+05
Zr/Nb-95 8.98E+08 | 1.25E+09| 1.80E+08| 1.05E+09| 2.85E+08| 7.08E+08 | 2,07E+08 | 1,44E+08| 5,92E+07
Ru-106 1.88E+08 | 8.48E+07 | 3.54E+08| 2.25E+08 | 3.35E+08| 6,50E+07 | 1,52E+07

Ag-110m 9.81E+08 | 5.60E+08 | 3.42E+08 | 1.44E+09| 8.95E+08 | 2.74E+09 | 2,49E+08| 6,54E+08 | 6,92E+08
Sb-125 1.01E+09 | 3.92E+08| 3.19E+08 | 8.98E+08| 1.27E+09 | 1.86E+08| 1,77E+08| 1,23E+09| 9,12E+08
Cs134 2.99E+07 | 8.15E+06| 6.48E+08 | 9.19E+07 | 1.26E+07 | 1.66E+05 7,94E+06
Cs-137 1.24E+08 | 7.05E+07 | 9.72E+08 | 1.90E+08| 3.91E+07 | 1.50E+07 | 9,84E+06| 1,28E+07 | 3,79E+07
Ce-144 2.39E+07 | 1.64E+07 | 3.82E+05| 8.34E+06 1.46E+06 2,77E+06
Other 7.36E+09 | 1.19E+10| 2.11E+09| 6.09E+09| 1.31E+10| 4.91E+09| 2,08E+09 | 3,54E+09| 9,33E+09
nuclides

Total 2.63E+10| 3.06E+10| 1.38E+10| 1.99E+10| 2.01E+10| 2.47E+10| 4,69E+09| 8,20E+09 | 1,19E+10
activity

(excl

tritium)

Total 1.75E+07 | 1.29E+07 | 2.85E+06| 9.11E+06 | 1.80E+06 | 3.60E+06 | 2,06E+07 | 1,30E+06| 3,73E+05
alpha

Table 4. Dischargesin Bqg from Ringhals Unit 3, 1993 - 2001

Nuclide 1993 1994 1995 1996 1997 1998 1999 2000 2001
H-3 201E+13| 125E+13| 6.32E+12| 7.92E+12| 8.78E+12| 6.79E+12 | 1,13E+13| 9,04E+12| 8,93E+12
Co-58 2.78E+10| 1.86E+10| 2.49E+10| 9.81E+09| 1.07E+10| 5.98E+09| 1,82E+10| 7,62E+09| 1,77E+10
Co-60 7.01E+09 | 3.78E+09| 6.18E+09| 2.98E+09| 3.47E+09 | 8.12E+08 | 1,37E+09| 9,90E+08 | 1,55E+09
Zn-65 2.62E+07 | 1.53E+07| 1.60E+08| 2.58E+07 | 2.55E+07 | 8.42E+06 | 2,87E+07 | 1,77E+07| 3,38E+07
Sr-90 1.20E+06 | 1.88E+06 | 4.56E+06| 1.27E+06| 1.78E+06 | 3.99E+06

Zr/Nb-95 3.32E+09 | 6.83E+08| 4.09E+09 | 5.75E+08| 3.05E+08 | 2.55E+08 | 6,48E+08 | 4,15E+08| 9,07E+08
Ru-106 1.26E+08 | 4.76E+08 | 3.53E+08 | 1.22E+07 | 3.51E+08 | 1,50E+08 | 1,64E+07

Ag-110m 1.02E+09 | 9.90E+08| 2.12E+09| 1.36E+09| 9.53E+08 | 2.47E+09| 2,18E+09| 4,19E+08| 4,57E+08
S-125 3.88E+08 | 2.81E+08| 6.29E+08| 1.01E+09| 2.23E+08| 4.05E+08| 9,35E+07 | 7,40E+07 | 1,40E+08
Cs134 1.27E+09 | 3.24E+08| 2.83E+08 | 4.60E+08 | 9.65E+07 | 2.93E+06 | 2,07E+07| 1,73E+06

Cs-137 1.25E+09 | 4.12E+08| 3.35E+08| 3.79E+08| 1.13E+08| 9.53E+06 | 1,86E+07 | 8,59E+06 | 3,55E+07
Ce-144 2.71E+07 | 4.32E+06 | 5.31E+07 | 4.76E+07| 8.43E+06 | 9.50E+06 | 3,15E+06| 1,86E+06 | 6,42E+06
Other 6.13E+09 | 4.75E+09 | 5.64E+09| 2.98E+09| 1.26E+09| 1.08E+09| 1,78E+09 | 1,32E+09 | 2,81E+09
nuclides

Total 482E+10| 3.00E+10| 4.49E+10| 2.00E+10| 1.72E+10| 1.14E+10| 2,45E+10| 1,09E+10| 2,36E+10
activity

(excl

tritium)

Total 7.86E+05| 1.19E+06| 2.78E+06| 1.93E+06| 6.20E+05| 4.90E+05| 7,43E+05| 3,29E+05| 6,01E+05
alpha
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Table 5. Dischargesin Bqg from Ringhals Unit 4, 1993 — 2001

Nuclide 1993 1994 1995 1996 1997 1998 1999 2000 2001
H-3 1.70E+13| 1.37E+13| 1.02E+13| 6.85E+12| 6.63E+12| 1.03E+13| 1,42E+13| 5,67E+12| 4,52E+12
Co-58 1.20E+10| 2.80E+10| 9.75E+09| 4.82E+09| 6.41E+09| 2.48E+09| 9,73E+09| 3,17E+09| 1,08E+10
Co-60 2.62E+09 | 3.10E+09| 3.27E+09| 1.87E+09| 1.36E+09| 1.08E+09 | 1,39E+09| 7,94E+08| 6,81E+08
Zn-65 143E+07 | 1.91E+07| 3.82E+07 | 1.97E+07| 1.03E+07 | 5.78E+06| 4,79E+06| 8,91E+06| 6,26E+06
Sr-90 6.07E+05| 6.59E+05| 7.97E+05| 5.65E+05| 2.00E+06 2,01E+06
Zr/Nb-95 3.66E+08 | 1.26E+09| 2.38E+09| 3.12E+08| 1.73E+08| 1.28E+08 | 4,01E+08| 3,44E+08| 1,62E+08
Ru-106 1.41E+07 | 2.47E+07 1.10E+07 | 3,11E+07

Ag-110m 8.94E+07 | 6.41E+07| 2.71E+08| 241E+08| 3.52E+08| 1.61E+08 | 1,30E+08 | 8,01E+07 | 3,99E+07
Shb-125 1.66E+08 | 2.81E+08| 3.14E+08| 3.28E+08| 1.74E+08 | 3.59E+08 | 6,21E+07 | 1,49E+08| 9,64E+07
Cs134 9.13E+07 | 1.77E+07 | 2.44E+07 | 5.01E+06| 2.92E+07 | 2.17E+07 | 3,59E+06 2,08E+07
Cs-137 1.28E+08 | 5.54E+07 | 6.00E+07 | 2.06E+07 | 3.22E+07 | 4.30E+07 | 1,77E+07 | 8,04E+06| 3,16E+07
Ce-144 6.01E+06 | 8.99E+06 | 9.14E+06| 1.08E+06| 9.63E+05 1,47E+06 | 1,20E+06 | 4,86E+05
Other 123E+09 | 4.10E+09| 6.25E+09| 7.23E+08| 1.03E+09 | 551E+08| 8,85E+08| 1,03E+09 | 6,88E+08
nuclides

Total 1.67E+10| 3.69E+10| 2.24E+10| 8.37E+09| 9.57E+09| 4.84E+09| 1,27E+10| 558E+09| 1,25E+10
activity

(excl

tritium)

Total 3.21E+05| 2.61E+05| 5.15E+05| 2.53E+05| 1.50E+05| 6.10E+04 | 2,59E+05| 2,57E+05| 2,79E+05
alpha
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ANNUAL EFFECTIVE DOSES TO THE CRITICAL GROUP, BARSEBACK NPP

Table 6. The average dose to individuals of the critical group resulting from emissions and dis-
charges from the Barseback nuclear power plant. Emissions do not include the contributions
from C-14 (ca 0.5 microSv).

Annual effective dose, microSv
Y ear 1993 1994 1995 1996 1997 1998 1999 2000 2001
Emissions 0.02 0.03 0.04 0.04 0.01 0.02 0.03 0.16 0.011
Dischar ges 0.13 0.06 0.13 0.22 0.08 0.05 0.06 0.05 0.16

ANNUAL LIQUID DISCHARGES, BARSEBACK NPP

Table 7. Discharges from the Barsebéck nuclear power plant, Units 1 and 2. Barseback Unit 1
was permanently closed on 30 November 1999

Nuclide 1993 1994 1995 1996 1997 1998 1999 2000 2001
H-3 5.80E+11 | 5.30E+11 | 554E+11 | 1.10E+12 | 7.60E+11 | 4.90E+11 | 6,90E+11 | 4,00E+11 | 3,19E+11
Co-58 3.90E+09 | 4.60E+09 | 6.16E+09 | 6.50E+10 | 5.80E+09 | 3.70E+09 | 3,00E+09 | 1,90E+09 | 3,09E+09
Co-60 1.50E+10 | 1.20E+10 | 2.97E+10 | 5.20E+10 | 2.00E+10 | 9.20E+09 | 1,50E+10 | 1,80E+10 | 3,07E+10
Zn-65 8.90E+07 | 2.93E+08 | 4.20E+08 | 1.90E+08 | 1.70E+08 | 1,90E+08 | 2,50E+08 | 4,09E+08
Sr-90 4.50E+07 | 1.38E+06 | 7.93E+05 | 1.80E+06 | 8.80E+05 | 8.75E+05 | 1,50E+06 | 8,57E+05 | 1,59E+06
Zr/Nb-95 1.15E+08 | 1.52E+08 | 5.47E+08 | 3.70E+08 | 1.87E+08 | 5.40E+08 | 2,44E+08 | 7,80E+07 | 4,39E+08
Ru-106

Ag-110m 1.70E+06 | 4.41E+07 | 8.40E+08 | 2.60E+07 | 9.50E+07 | 1,80E+08 | 1,10E+08 | 1,68E+08
Sh-125 1.20E+08 | 7.74E+08 | 3.50E+08 | 2.60E+08 | 4.20E+08 | 2,30E+07 | 7,40E+08 | 5,62E+08
Cs-134 4.80E+08 | 2.60E+08 | 3.12E+08 | 3.10E+07 1.90E+07 1,40E+08 | 1,12E+09
Cs-137 2.00E+09 | 1.50E+09 | 2.48E+09 | 7.40E+08 | 8.30E+08 | 1.00E+09 | 6,10E+08 | 1,20E+09 | 6,97E+09
Ce-144

Other 459E+09 | 7.92E+09 | 1.75E+10 | 7.43E+10 | 3.10E+10 | 2.05E+10 | 7,17E+Q9 | 2,26E+09 | 5,24E+09
nuclides

Total 2.61E+10 | 2.66E+10 | 5.78E+10 | 1.94E+11 | 5.83E+10 | 3.56E+10 | 2,64E+10 | 2,47E+10 | 4,87E+10
activity,

excl

tritium

Total 8.59E+5 1.57E+5 3E+5 1.88E+05 | 9.20E+04 | 3.06E+04 | 8,61E+04 | 4,06E+04 | 541E+04
alpha
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TATENS STRALSKYDDSINSTITUT, $sI, ar central tillsynsmyndig-

het pa strdlskyddsomradet. Myndighetens verksamhetsidé dr att

verka for ett gott stralskydd f6r manniskor och miljé nu och i framtiden.

SSI dr ansvarig myndighet for det av riksdagen beslutade miljo-
malet Sdker strdlmiljé.

SSI sétter granser for straldoser till allmanheten och fér dem som
arbetar med stralning, utfardar foreskrifter och kontrollerar att de
efterlevs.Myndigheten inspekterar, informerar, utbildar och ger rad fér
att 6ka kunskaperna om stralning. SSI bedriver ocksa egen forskning
och stéder forskning vid universitet och hégskolor.

SSI haller beredskap dygnet runt mot olyckor med stralning. En
tidig varning om olyckor fas genom svenska och utldndska mat-
stationer och genom internationella varnings- och informationssystem.

SSI medverkar i det internationella stralskyddssamarbetet och
bidrar ddrigenom till forbattringar av stralskyddet i fraimst Baltikum
och Ryssland.

Myndigheten haridag ca I 10 anstéllda och dr beldget i Stockholm.

THE SWEDISH RADIATION PROTECTION AUTHORITY (SSI) is the
government regulatory authority for radiation protection. Its task is
to secure good radiation protection for people and the environment
both today and in the future.

The Swedish parliament has appointed SSI to be in charge of the
implementation of its environmental quality objective Sdker stralmiljé
("A Safe Radiation Environment”).

SSI sets radiation dose limits for the public and for workers exposed
to radiation and regulates many other matters dealing with radiation.
Compliance with the regulations is ensured through inspections.

SSlalso provides information, education, and advice, carries out
its own research and administers external research projects.

SSI maintains an around-the-clock preparedness for radiation
accidents. Early warning is provided by Swedish and foreign
monitoring stations and by international alarm and information systems.

The Authority collaborates with many national and international
radiation protection endeavours. It actively supports the on-going
improvements of radiation protection in Estonia, Latvia, Lithuania,
and Russia.

SSI has about | 10 employees and is located in Stockholm.

NN . .y
hh Statens strdlskyddsinstitut

Swedish Radiation Protection Authority

Adress: Statens stralskyddsinstitut; S-17116 Stockholm;
Besoksadress: Karolinska sjukhusets omrade, Hus Z 5.
Telefon: 08-729 71 00, Fax:08-729 71 08

Address: Swedish Radiation Protection Authority;
SE-17116 Stockholm; Sweden

Telephone: + 46 8-729 71 00, Fax: +468-729 71 08

WWW.ssi.se
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