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Introduction
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1
INTRODUCTION

At its meeting in Dublin, Ireland, the OSPAR working group on Radioactive Substances established, on a trial basis, revised „Guidelines for the submission of information about, and the assessment of, the application of Best Available Technology (BAT) in nuclear facilities“ (RAD 99/6/1). In this report the requested information for German nuclear installations is given. The report covers the six-year period 1993-98 inclusive.

In the second chapter general information on national legislation, dose limits/constraint, monitoring programmes, discharge limits, reporting and the methodology for the assessment of the radiation dose is provided. The subsequent annexes 1, 2 and 3 give type of facility, location, production, discharges, emissions, dose to public, normalised data and waste management of nuclear power stations, nuclear fuel facilities and research facilities, respectively. For each installation, the emissions and discharges (note that emission is used for gaseous releases and discharge for liquid releases, in accordance with the normal usage within the OSPAR Convention) are given absolute and normalised according to actual output as compared to the UNSCEAR ranges and individual doses as compared to the national dose limit.

2
GENERAL INFORMATION

2.1
National legislation/regulation

Authorisations of nuclear installations are issued on the basis of the Nuclear Energy Act (Atomgesetz) and the Radiation Protection Ordinance (Strahlenschutzverordnung). This legislation provides the framework for standards, guidelines and objectives in the field of production of nuclear energy and application of nuclear techniques. Fundamentals of the legislation are:

· avoidance of unnecessary radiation  exposure to public,

· avoidance of unnecessary contamination of humans and environment, and

· minimisation of radiation exposure and contaminations taking into account the state of scientific and technological advancement.

For nuclear installations in Germany, the state of scientific and technological advancement, taking into account the BAT, is defined in technical guidelines, such as safety standards, issued by the “Kerntechnischer Ausschuß (KTA)”. The safety standard series KTA 3601-3606 contains requirements for technical standards in "Activity Control and Activity Management". Within the context of discharges into water, the safety standard KTA 3603 provides technical requirements and detailed information on techniques for "Facilities for the Treatment of Radioactively Contaminated Water in Nuclear Power Plants". The corresponding regulation for emissions into the atmosphere is KTA 3605: "Treatment of Radioactively Contaminated Gases in Nuclear Power Stations with Light Water Reactors". In addition to the requirements for the design of the systems, these safety standards also contain requirements concerning absolute reliability in terms of safety, regular testing and maintenance of the installed systems.

Furthermore, the guidelines KTA 1503 and 1504 give instructions on discharge monitoring, which specify type of sampling, sample treatment, time periods of sampling, radionuclides considered, detection limits, reporting, etc.

Additional regulations are issued by the “Deutsches Institut für Normung (DIN)” containing further requirements affecting the treatment of radioactive effluents, such as retention factors for filter systems. DIN 24 184, for example, requires the use of aerosol filters with a minimum retention factor of 99.97 % (Class S).

The safety standards issued by the KTA and the DIN are reviewed on a regular basis every five years.

2.2
Other basis for national legislation/regulation

The German policy in this  field is based on international conventions, on Euratom Directives and on recommendations of appropriate international bodies like the International Commission on Radiological Protection (ICRP) and the International Atomic Energy Agency (IAEA). 

2.3
Dose constraints/limits for nuclear installations

The dose limit applied within Germany for members of the general public is 1.5 mSv per year. This limit is cumulative for all sources an individual is exposed to. Germany is in the process of implementing the new EU Basic Safety Standards Directive (96/26 Euratom) into national law. The new Directive sets a limit to public of 1 mSv a year. 

Dose limits resulting from radioactive discharges and emissions of nuclear installations are specified in the Radiation Protection Ordinance for aerial and liquid releases each:

1.
individual effective dose, partial body dose for gonads, 
0.3 mSv/a


uterus, red bone marrow


2.
partial body dose of all organs and issues unless under 1. or 3.
0.9 mSv/a

3.
partial body dose of bone surface and skin
1.8 mSv/a

Emissions and discharges from other nuclear installations must be taken into account.

2.4
Discharge limits

The annual limits for discharges and emissions are specified for a nuclear facility in such a way that the resulting doses to reference person shall not exceed 0.3 mSv per year on either pathway (see 2.3). This applies to normal operation as well as to decommissioning of nuclear facilities. The nuclear facilities are licensed to discharge a limited amount of tritium and of beta-gamma emitters excluding tritium. The resulting doses for these radionuclides are calculated and totalled, and this total should not exceed 0.3 mSv. For more than one installation at the same site, the total discharges shall not exceed the mentioned dose limit.

The models used to estimate the radiation exposure for a reference person caused by radioactive effluents of nuclear power plants are described in the General Administration Provision to § 45 of Radiological Protection Ordinance (Allgemeine Verwaltungsvorschrift zu § 45 Strahlenschutzverordnung). The dose is calculated at the most unfavourable receiving points, taking into account the relevant exposure pathways and living habits, e.g. the consumption rates of different foodstuffs. On the basis  of these assumptions and further parameters used in the models, it can be  that the radiation exposure to individuals will not be underestimated. 

2.5
Monitoring programmes of discharges and environmental concentrations of radionuclides

In the event of a discharge of radioactive materials to air, water or soil it must be ensured that

· an uncontrolled release is avoided,

· the discharged radioactivity is as low as practicable, and

· the discharge is monitored and is reported to the competent authority at least once a year, specifying its nature and activity.

The basic requirement for emission monitoring is converted into measurement programmes. These are specified in the regulatory guideline on emission and environmental monitoring (Richtlinie zur Emissions- und Immissionsüberwachung kerntechnischer Anlagen, REI). In the general part of the guideline the objectives and the basics of emission and environmental monitoring are stated and the requirements applicable to all nuclear installations are explained. In the appendices the different measurement programmes are listed according to the type of nuclear installation.

Appendix A of the regulatory guideline REI pertains to nuclear power plants and refers to the corresponding KTA safety standards with respect to the monitoring of emissions. Safety standard KTA 1503.1 deals with monitoring the discharge of radioactive materials through the vent stack of nuclear power plants in the case of operating conditions and KTA 1503.2 in the case of design basis accidents. The corresponding requirements for measurements regarding the monitoring of discharges with water are specified in KTA 1504.

The emission surveillance programme specified in the regulatory guideline REI is carried out by the operator of the nuclear facility under his own responsibility. These measurement results are then submitted to the supervisory authority (see also 2.6 and 2.7). The environmental programme is undertaken by the operators and by governmental laboratories. A continuous surveillance of actual plant parameters is performed with the remote monitoring system for nuclear power plants (KFÜ) [3-54]. A selection of measured variables from

· operation,

· monitoring of emissions,

· monitoring of immissions, and

· meteorology

are transmitted online directly to the competent supervisory authority of the German states (Länder). This system is in operation at all times during operating conditions and design basis or severe accidents as far as the corresponding instruments are suited for, and still available under these conditions.

In addition to the site-oriented surveillance of nuclear power plants described above, a nation-wide system, the so-called Integrated Measurement and Information System for the Surveillance of Environmental Radiation (IMIS), was installed in accordance with the Precautionary Radiation Protection Act. IMIS is intended to provide data on the radiation level in the entire region of the Federal Republic of Germany. Parts of this system have been in operation since the late fifties. Even slight changes in environmental radiation are quickly and reliably detected and evaluated by this system, making it possible to give early warnings to the public if so required. IMIS is permanently in routine operation. In the event of increased values the Federal Ministry for the Environment will cause IMIS to switch from routine to intense operation which means measurements and samples will be taken more frequently.

2.6
National authority responsible for supervision of discharges

All licensing and supervision activities concerning construction and operation of nuclear facilities is carried out by the regulatory authority of the federal state (Land), in which the facility is located. This is also the case for authorisation of radioactive discharges to the environment. These authorities of the federal states are controlled by the Ministry for the Environment of the Federal Republic of Germany to ensuresave uniform criteria of authorisation and supervision in the country.

2.7
Nature of inspection and quality assurance of surveillance programme

The nuclear installations are inspected several times per year by the licensing authorities. To verify that the facilities comply with the emission surveillance programme, independent experts of the authority take random double samples for measurements at special laboratories. The environmental programme is undertaken by the operators and by governmental laboratories. Operators laboratories undertake analyses in accordance with procedures set down in Implementation Documents published by the Federal Ministry for the Environment. Quality control procedures also involve regular calibration of detectors and yearly comparison exercises with other laboratories. All laboratories have secondary standards traceable to primary standards. Therefore, the quality of environmental and discharge sample measurement, and the assessment of impact of discharges and emissions on members of the general public is based not only on the work of the operators but also on a national system of regulators, governmental bodies and independent advisors.

2.8
Radiation doses to the general public - methodology

The Federal Office for Radiation Protection (BfS) calculates yearly the radiation dose for the general public from all nuclear facilities of Germany. These calculations are based on discharge data measured by the operators and the general administrative provision pertaining to section 45 of the Radiation Protection Ordinance on "Calculation of the Radiation Exposure by Radioactive Discharges during Normal Operation of Nuclear Power Plants". This regulation defines, inter alia:

-
Transfer factors soil/plants, plants/beef, water/fish, water/riverbank sediment, water/milk and water/beef,

-
Procedures for calculation of activity concentrations of radionuclides in air, drinking water, fish, meat, plants, milk, river water and river bank,

-
Consumption rates for adults and children for drinking water, milk, fish, meat, vegetables, fruit, cereals and potatoes,

-
Dose factors for internal and external exposure for organs and effective dose, and

-
Exposure pathways for adults and children (1 year) for the calculation of internal and external radiation exposure.

Dose calculations for intakes of radionuclides are based on methodology dose coefficients in the relevant ICRP publications.

2.9
National reporting

The results of discharge measurements performed by operators are reported to the supervisory authority and are available generally through operators annual reports. The discharge records from the nuclear power plants are summarised in Table 1.

Table 1
Reporting of discharges to the national authorities based on analyses of waste water samples from the discharge tanks of nuclear power stations 

Radionuclides
Sampling time
Reporting

(-radionuclides
Week
monthly

H-3
3 month
quarterly

Sr-89/90
3 month
quarterly

Total-(-activity
3 month
quarterly

Fe-55
Year
annually

Ni-63
Year
annually

The annual discharges from nuclear installations of Germany are published  by the Ministry of Environment in the report “Environmental Radioactivity and Radiation Exposure” (Umweltradioaktivität und Strahlenbelastung).

2.10
International reporting

Germany submits annually to EURATOM and OSPAR a report on liquid discharges from nuclear installations based on Article 35 of the EURATOM Treaty and of OSPAR convention, respectively.

3
NUCLEAR POWER PLANTS (NPP)

The information to be submitted in accordance with the BAT Guidelines is given in Annex 1 referring to nuclear power plants. Only those installations that were in operation for most of the reporting cycle between 1993 and 1998 and were not shut down due to final decommissioning, are listed in the Annex.

For each installation, the information as defined in BAT Guidelines is given in tabular form:

-
Name of facility
-
Type of facility
-
Date commissioned
-
Location
-
Installed electrical generation capacity
-
Electricity generation
-
Shut-down year
-
Annual emissions and discharges, absolute and normalised according to actual output as compared to the UNSCEAR ranges
· Individual dose as compared to the national dose limits

-
Waste treatment
It should be noted that the individual doses caused by emissions result from exposure to all radionuclides emitted into the atmosphere.

3.1
Sources of liquid effluent

The main sources of radioactive liquid effluent are reactor operations and small leaks from the reactor itself, associated plant and the laundry. The principal radionuclides arising in liquid waste are tritium and, to a much lesser degree, activation and fission products. See Annex 1.

3.2
Liquid effluent treatment 

See Annex 1

3.3
Nuclide libraries

The measured nuclides are presented by Kerntechnischer Ausschuss (KTA). The detection of radionuclides (specific alpha, beta and gamma emitters) in air and water is described in the documents KTA 1503 and KTA 1504, respectively.

3.4
Environmental Impact

The environmental  programme in the vicinity of nuclear power stations is described in the regulatory guideline on emission and environmental control (REI). The analyses of environmental samples (river water, plants, milk, meat, fish, soil) show that there are no detectable (- and (-activity  concentrations (excluding tritium) referring to radioactive discharges from NPP. Tritium discharges from pressurised water reactors can increase the tritium concentrations in surface water of small rivers by 10 Bq/l (e.g. river Ems).

3.5
Trends in discharge over the 1993-98 period and summary evaluation

Most stations have been operating steadily throughout this period, so liquid discharges have been fairly constant. For tritium, the range for normalised discharges from the stations is 0.019-18 TBq/GWa (average value 7.7 TBq/GWa) with no discernible trend; for beta/gamma emitters excluding tritium, the range is 0 – 1.5 GBq/GWa (mean value 0.24 GBq/GWa) with no significant trend.

Comparison of normalised liquid discharges from each nuclear power plant with the UNSCEAR ranges 


UNSCEAR ranges of normalised discharges


BWR
PWR

Tritium, TBq/GWa
2.5 - 25
7.9 - 80

Non-Tritium, GBq/GWa
11 - 115
14 - 140

shows that:

· Tritium discharges from boiling water reactors are below the levels of the ranges.

· Tritium discharges from pressurised water reactors are below the level of the ranges or at the lower end of the ranges.

· Non-tritium discharges into water are always far below the level of the ranges for all reactors.

Most important, and applicable to all nuclear installations, is the dose criterion. Calculations made under conservative assumptions show that the maximum effective doses to the population in the vicinity of all nuclear installations are well below the national limits.

The low levels of radioactivity discharges and emissions from all nuclear power stations and low levels of radiation exposure in general show that the best available technology is being applied in Germany.

4 NUCLEAR FUEL FABRICATION AND ENRICHMENT PLANTS

Two sites are concerned with the manufacture of reactor fuel, namely the uranium enrichment plant at Gronau, and the nuclear fuel manufacture plant at Lingen. During the period covered by this submission, the third site at Hanau was closed in 1996. 

For each installation, the information as defined in BAT Guidelines is given in tabular form:

-
Name of facility
-
Type of facility
-
Capacity, U processed
-
Date commissioned
-
Location
-
Receiving water
-
Annual emissions and discharges, absolute and normalised 
· Individual dose as compared to the national dose limits

-
Waste treatment
4.1
Sources of liquid effluent

 See Annex 2.

4.2
Liquid effluent treatment 

See Annex 2

4.3
Environmental Impact

The environmental  programme in the vicinity of plants is described in the regulatory guideline REI. The analyses of environmental samples (river water, plants, milk, meat, fish, soil) show that there are no detectable (- and (-activity  concentrations referring to radioactive discharges from nuclear fuel plants. 

4.4
Trends in discharge over the 1993-98 period and summary evaluation

Downward trend is noted for (-discharges in liquid effluent from Hanau. The (‑discharge level of Gronau is very low and constant throughout this period (approx. 1E04 Bq/a). Total-(-activity in liquid effluent from Lingen is below detection limits.

5 RESEARCH AND DEVELOPMENT FACILITIES

There are five sites of research and development facilities in Germany described as former nuclear research centres. The facilities at these sites carry out scientific and commercial programmes in nuclear field.

For each installation, the information as defined in BAT Guidelines is given in tabular form:

-
Name of facility
-
Type of facility
-
Reactor capacity
-
Date commissioned/ decommssioned
-
Location
-
Receiving water
-
Annual emissions and discharges, absolute and normalised 
· Individual dose as compared to the national dose limits

-
Waste treatment
5.1
Sources of liquid effluent

 See Annex 3.

5.2
Liquid effluent treatment 

See Annex 3

5.3
Environmental Impact

The environmental  programme in the vicinity of plants is described in the regulatory guideline REI. The analyses of environmental samples (river water, plants, milk, meat, fish, soil) from the region of Geesthacht, Jülich, HMI and Rossendorf show that there are no detectable (- and (-activity  concentrations referring to radioactive discharges from these facilities. Tritium discharges from Karlsruhe are responsible for tritium concentrations up to 600 Bq/l in surface water of a small lake near  the river Rhine.

5.4
Trends in discharge over the 1993-98 period and summary evaluation

The sum of total beta activity and tritium discharged over the period 1993 to 1998 from all research and development facilities in Germany show a decreasing tendency. This temporal trend is mainly caused by the Research Centre in Karlsruhe. The data of Annex 3 show that the sum of total alpha activity discharged has the same level over the period 1993 to 1998. There is no increasing or decreasing trend. The fluctuations were caused by discharge variations from both the Research Centre in Karlsruhe and the  former Nuclear Research Centre in Rossendorf. 

Annex 1

Nuclear Power Plants

1.  Site Characteristics















Name of facility
Biblis A






Type of facility
PWR






Date commissioned
1974






Location
Germany






Receiving water
Rhine















1993
1994
1995
1996
1997
1998

Installed electrical generation
1204

capacity, MW(e)







Electricity generation, GWh(e)
8785
7942
2684
4254
8518
10635









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54

3.7E+05





  Co-57







  Co-58

1.9E+06


1.6E+06


  Co-60
5.3E+07
2.0E+08
7.4E+07
9.0E+06
3.3E+07
5.6E+06

  Fe-55


1.8E+07
1.5E+06
4.0E+06


  Fe-59







  Ni-63


2.3E+06

8.6E+06


  Zn-65







  Sr-89







  Sr-90







  Zr-95







  Nb-95
6.0E+05


1.3E+04
4.3E+05
8.1E+03

  Ru-103







  Ru-106







  Ag-110m

2.3E+05
3.5E+06
5.8E+05
1.0E+06
2.7E+05

  Te-123m
4.2E+07
5.6E+07
3.7E+07
1.2E+07
2.9E+07
1.6E+07

  Sb-124
6.7E+05
1.5E+07
4.7E+06
2.6E+05
2.1E+07
6.2E+06

  Sb-125
8.7E+05

5.1E+05


8.2E+04

  I-131

1.6E+05
1.8E+07
6.6E+05
3.3E+06
1.9E+04

  Cs-134


1.1E+06


1.3E+05

  Cs-137
1.5E+06
1.7E+06
3.6E+06
2.4E+05
4.4E+05
7.3E+05

  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
9.9E+07
2.8E+08
1.6E+08
2.4E+07
1.0E+08
2.9E+07









Total activity excluding H-3
9.9E+07
2.8E+08
1.6E+08
2.4E+07
1.0E+08
2.9E+07

Authorised annual limit, Bq/a
1.1E+11

% of annual limit
0.090
0.250
0.148
0.022
0.093
0.026

Normalised to output, GBq/GWha
0.000011
0.000035
0.000061
0.000006
0.000012
0.000003

Normalised to capacity, GBq/GWa
0.082
0.229
0.135
0.020
0.085
0.024

  H-3
1.5E+13
9.9E+12
8.4E+12
3.6E+12
1.3E+13
1.3E+13

Authorised annual limit, Bq/a
3.0E+13

% of annual limit
51
33
28
12
44
44

Normalised to output, GBq/GWha
1.71
1.25
3.13
0.85
1.53
1.22

Normalised to capacity, TBq/GWa
12.5
8.2
7.0
3.0
10.8
10.8

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
2.0E+11
2.6E+11
4.3E+11
1.0E+11
1.8E+11
1.8E+11

Normalised to output, GBq/GWha
0.023
0.033
0.160
0.024
0.021
0.017

Normalised to capacity, GBq/GWa
1.7E+02
2.2E+02
3.6E+02
8.3E+01
1.5E+02
1.5E+02









  C-14
3.4E+09
6.1E+10
3.0E+11
4.5E+10
3.0E+11
1.2E+11

Normalised to output, GBq/GWha
0.0004
0.008
0.112
0.011
0.035
0.011

Normalised to capacity, GBq/Gwa
2,8E+00
5,1E+01
2,5E+02
3,7E+01
2,5E+02
1,0E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)  (1)
0.00076 
0.00074 
0.00052 
0.00035 
0.00048 
0.00041 

% of dose limit
0.03 
0.02 
0.02 
0.01 
0.02 
0.01 









(1) including Biblis B







1.  Site Characteristics















Name of facility
Biblis B






Type of facility
PWR






Date commissioned
1976






Location
Germany






Receiving water
Rhine















1993
1994
1995
1996
1997
1998

Installed electrical generation
1300

capacity, MW(e)







Electricity generation, GWh(e)
7976
8514
8361
8390
9044
8756









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51

8.9E+05





  Mn-54







  Co-57







  Co-58
1.2E+06
1.4E+06
1.1E+06
3.2E+05
5.7E+06
7.9E+07

  Co-60
3.2E+08
2.6E+08
1.5E+08
1.1E+08
6.3E+07
1.0E+09

  Fe-55


3.7E+06
5.8E+06

5.2E+06

  Fe-59







  Ni-63


6.7E+06
2.7E+06



  Zn-65







  Sr-89







  Sr-90







  Zr-95

3.1E+05





  Nb-95

2.1E+06

3.9E+04

1.5E+06

  Ru-103







  Ru-106

3.3E+05





  Ag-110m

3.9E+06
2.0E+06
2.3E+06
1.3E+06
3.3E+06

  Te-123m
3.1E+07
1.2E+08
1.3E+08
1.3E+08
3.7E+07
2.8E+07

  Sb-124
8.7E+06
9.2E+07
1.5E+08
1.3E+08
8.9E+07
8.2E+08

  Sb-125
5.9E+06
6.1E+06
1.0E+08
5.8E+07
1.9E+07
1.5E+06

  I-131
9.5E+06
4.0E+06
2.2E+06
3.1E+06
6.7E+05


  Cs-134
6.8E+05
4.3E+05
3.1E+05
1.2E+07
2.8E+06
1.9E+07

  Cs-137
9.1E+06
2.0E+07
2.3E+07
4.9E+07
1.9E+07
5.0E+07

  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides

6.0E+05





Total activity excluding H-3
3.9E+08
5.1E+08
5.7E+08
5.0E+08
2.4E+08
2.0E+09









Total activity excluding H-3
3.9E+08
5.1E+08
5.7E+08
5.0E+08
2.4E+08
2.0E+09

Authorised annual limit, Bq/a
1.1E+11

% of annual limit
0.351
0.466
0.517
0.458
0.216
1.825

Normalised to output, GBq/GWha
0.000048
0.000060
0.000068
0.000060
0.000026
0.000229

Normalised to capacity, GBq/GWa
0.297
0.394
0.438
0.387
0.183
1.544

  H-3
1.5E+13
1.6E+13
1.3E+13
1.1E+13
1.2E+13
1.7E+13

Authorised annual limit, Bq/a
3.0E+13

% of annual limit
51
54
44
37
42
57

Normalised to output, GBq/GWha
1.88
1.88
1.55
1.31
1.37
1.94

Normalised to capacity, TBq/GWa
11.5
12.3
10.0
8.5
9.5
13.1

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
4.9E+11
3.2E+11
9.8E+10
1.2E+11
3.1E+11
2.6E+11

Normalised to output, GBq/GWha
0.061
0.038
0.012
0.014
0.034
0.030

Normalised to capacity, GBqGWa
3.8E+02
2.5E+02
7.5E+01
9.2E+01
2.4E+02
2.0E+02









  C-14
2.1E+10
2.1E+11
8.0E+10
2.7E+11
3.2E+11
4.6E+11

Normalised to output, GBqGWah
0.0026
0.025
0.010
0.032
0.035
0.053

Normalised to capacity, GBqGWa
1,6E+01
1,6E+02
6,2E+01
2,1E+02
2,5E+02
3,5E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv) (1)
0.00076 
0.00074 
0.00052 
0.00035 
0.00048 
0.00041 

% of dose limit
0.03 
0.02 
0.02 
0.01 
0.02 
0.01 









(1) including Biblis A







4.  Origin of waste arising:

primary coolant cycle

5.  Waste treatment:

filtration, ion-exchange procedures

6.  Waste management:

a) Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Permanent monitoring of primary coolant.


· Operation mode and coolant chemistry to avoid damage of fuel elements.


-
Reduction of the mobilisation of corrosion and activation products by means of coolant chemistry.

b) Improvements in waste treatment:


· Filtration and evaporation of waste waters.


Further information:
Longer terms of stand still in 1995/1996 (Biblis A, due to licensing procedure).


a)
(
Tritium emissions are below the range indicated.



Tritium discharges are within the range indicated.



Non-Tritium discharges are below the range indicated.


b)
No significant trends identifiable.


c)
No particularly high or low values.


d)
No additional measures planned. 

1.  Site Characteristics















Name of facility
Brokdorf






Type of facility
PWR






Date commissioned
1986






Location
Germany






Receiving water
Elbe















1993
1994
1995
1996
1997
1998

Installed electrical generation
1392

capacity, MW(e)







Electricity generation, GWh(e)
9938
10744
10431
11125
11837
4171









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54



2.6E+05



  Co-57







  Co-58


2.4E+06
3.4E+05
8.3E+04


  Co-60


1.3E+07
9.2E+06
2.8E+06
1.3E+05

  Fe-55


2.1E+07
1.1E+07
3.1E+06


  Fe-59







  Ni-63


4.0E+06
4.8E+06
6.3E+05


  Zn-65







  Sr-89







  Sr-90







  Zr-95


3.3E+05




  Nb-95


2.0E+05

2.5E+05


  Ru-103




3.9E+05


  Ru-106







  Ag-110m







  Te-123m







  Sb-124







  Sb-125


1.3E+05




  I-131


1.1E+07

1.2E+06
5.7E+06

  Cs-134


2.5E+04
3.9E+05
4.7E+05
8.7E+05

  Cs-137



3.8E+05
6.7E+05
9.3E+05

  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides




1.3E+07
5.8E+06

Total activity excluding H-3
0.0E+00
0.0E+00
5.2E+07
2.6E+07
2.3E+07
1.3E+07









Total activity excluding H-3
0.0E+00
0.0E+00
5.2E+07
2.6E+07
2.3E+07
1.3E+07

Authorised annual limit, Bq/a
5.5E+10

% of annual limit
0
0
0.095
0.048
0.041
0.024

Normalised to output, GBq/GWha
0
0
0.000005
0.000002
0.000002
0.000003

Normalised to capacity, GBq/GWa
0.000
0.000
0.037
0.019
0.016
0.010

  H-3
1.4E+13
1.4E+13
1.2E+13
1.4E+13
1.7E+13
1.8E+13

Authorised annual limit, Bq/a
3.5E+13

% of annual limit
40
40
34
40
49
51

Normalised to output, GBq/GWha
1.41
1.30
1.15
1.26
1.44
4.32

Normalised to capacity, TBq/GWaa
10.1
10.1
8.6
10.1
12.2
12.9

Total Alpha-activity


5.7E+05




























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
2.1E+11
3.3E+11
3.5E+11
3.7E+11
3.2E+11
3.1E+11

Normalised to output, GBq/GWha
0.021
0.031
0.034
0.033
0.027
0.074

Normalised to capacity, GBq/GWa
1.5E+02
2.4E+02
2.5E+02
2.7E+02
2.3E+02
2.2E+02









  C-14
5.7E+10
7.5E+10
2.6E+11
2.1E+11
3.5E+11
3.1E+11

Normalised to output, GBq/GWha
0.0057
0.007
0.025
0.019
0.030
0.074

Normalised to capacity, GBq/GWa
4,1E+01
5,4E+01
1,9E+02
1,5E+02
2,5E+02
2,2E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
0.00022 
0.00029 
0.00048 
0.00042 
0.00028 
0.00018 

% of dose limit
0.007 
0.010 
0.016 
0.014 
0.009 
0.006 

4.  Origin of waste arising:
primary coolant cycle and attached systems

5.  Waste treatment:
filtration, ion-exchange procedures,evaporation, combustion, collection

6.  Waste management:
a)
Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Operation mode to avoid damage of fuel elements.


· Special operation mode in the case of damaged fuel elements.


b)
Improvements in waste treatment:


· Permanent monitoring of operations.


· Due to adherence to the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Emissions and discharges are at the lower end or below the ranges indicated.


b) No significant trends identifiable.


c) No particularly high or low values.


d) Current operations do not require additional measures to reduce discharges.


1.  Site Characteristics















Name of facility
Brunsbüttel






Type of facility
BWR






Date commissioned
1976






Location
Germany






Receiving water
Elbe















1993
1994
1995
1996
1997
1998

Installed electrical generation
806

capacity, MW(e)







Electricity generation, GWh(e)
0
0
3131
4910
5333
4171









2. Discharge and Emission data







Annual liquid discharges, Bq/a 








1993
1994
1995
1996
1997
1998

  Cr-51
2.6E+04


2.2E+06

2.3E+06

  Mn-54
6.2E+06
6.5E+05
6.8E+05
2.5E+07
2.9E+06
2.6E+07

  Co-57







  Co-58
2.1E+05


9.2E+06
4.0E+04
7.4E+06

  Co-60
4.8E+07
1.6E+07
2.2E+07
3.6E+07
9.7E+06
6.1E+07

  Fe-55


1.5E+06

1.3E+07
9.5E+07

  Fe-59



5.3E+05

4.3E+06

  Ni-63




3.6E+06


  Zn-65
9.5E+06
6.3E+05
7.5E+05
1.3E+07
1.6E+06
2.4E+07

  Sr-89



1.1E+05
6.7E+03
5.8E+06

  Sr-90
2.1E+05
8.1E+04
8.9E+04
2.1E+05
8.5E+05
5.9E+05

  Zr-95





1.1E+06

  Nb-95





1.5E+06

  Ru-103







  Ru-106







  Ag-110m
3.7E+04






  Te-123m




2.6E+04


  Sb-124





2.4E+06

  Sb-125
2.9E+05






  I-131







  Cs-134
1.3E+06
3.7E+04
7.5E+05
5.2E+05

2.3E+05

  Cs-137
2.2E+07
5.7E+06
3.2E+07
2.3E+07
5.7E+06
2.1E+07

  Ba-140







  La-140







  Ce-141
1.2E+05




2.5E+05

  Ce-144







Other nuclides







Total activity excluding H-3
8.8E+07
2.3E+07
5.8E+07
1.1E+08
3.7E+07
2.5E+08









Total activity excluding H-3
8.8E+07
2.3E+07
5.8E+07
1.1E+08
3.7E+07
2.5E+08

Authorised annual limit, Bq/a
1.9E+11

% of annual limit
0.048
0.012
0.031
0.059
0.020
0.137

Normalised to output, GBq/GWha
-
-
0.000018
0.000022
0.000007
0.000061

Normalised to capacity, GBq/GWa
0.109
0.029
0.072
0.136
0.046
0.314

  H-3
7.4E+10
2.3E+10
1.2E+11
3.5E+11
2.4E+11
2.8E+11

Authorised annual limit, Bq/a
3.7E+13

% of annual limit
0
0
0
1
1
1

Normalised to output, GBq/GWha
-
-
0.04
0.07
0.05
0.07

Normalised to capacity, TBq/GWa
0.09
0.03
0.15
0.43
0.30
0.35

Total Alpha-activity
9.5E+04
2.7E+05
1.8E+05
4.1E+04
1.4E+05


























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
3.2E+10
2.2E+10
1.9E+10
4.0E+10
3.5E+10
4.6E+10

Normalised to output, GBq/GWha
-
-
0.006
0.008
0.007
0.011

Normalised to capacity, GBq/GWa
4.0E+01
2.7E+01
2.4E+01
5.0E+01
4.3E+01
5.7E+01









  C-14
2.9E+09
3.3E+09
7.5E+10
7.0E+10
1.4E+11
1.1E+11

Normalised to output, GBq/GWha
-
-
0.024
0.014
0.026
0.026

Normalised to capacity, GBq/GWa
3,6E+00
4,1E+00
9,3E+01
8,7E+01
1,7E+02
1,4E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
0.00035 
0.00048 
0.00068 
0.00037 

% of dose limit
< 0.03
< 0.03
0.01 
0.02 
0.02 
0.01 

4.  Origin of waste arising:

reactor core with water and steam cycles

5.  Waste treatment:




a) Waste water:


· ion-exchange procedures and evaporation for waste water


b) Exhaust air:


(
filtration and hold-up loop for exhaust air

6.  Waste management:

1.
Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Operation mode to avoid damage of fuel elements.


2.
Improvements in waste treatment:


· Permanent monitoring of operations.


· Due to adherence to the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Emissions and discharges are below the ranges indicated.


b) No significant trends identifiable.


c) No particularly high or low values.


d) Current operations do not require additional measures to reduce discharges.

1.  Site Characteristics















Name of facility
Emsland






Type of facility
PWR






Date commissioned
1988






Location
Germany






Receiving water
Ems















1993
1994
1995
1996
1997
1998

Installed electrical generation
1363

capacity, MW(e)







Electricity generation, GWh(e)
11058
11106
11073
11137
11235
11386









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54







  Co-57







  Co-58
8.0E+04
1.2E+05
2.7E+04




  Co-60
2.0E+05
1.0E+05
4.3E+04
9.8E+03



  Fe-55







  Fe-59







  Ni-63







  Zn-65







  Sr-89







  Sr-90
3.7E+04
5.5E+04





  Zr-95







  Nb-95
3.8E+04
9.1E+04





  Ru-103







  Ru-106







  Ag-110m
1.2E+05






  Te-123m





9.4E+03

  Sb-124







  Sb-125


1.7E+04




  I-131
1.2E+05
3.4E+05
1.1E+05




  Cs-134

1.8E+04





  Cs-137

1.5E+04
1.1E+04




  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
6.0E+05
7.4E+05
2.1E+05
9.8E+03
0.0E+00
9.4E+03









Total activity excluding H-3
6.0E+05
7.4E+05
2.1E+05
9.8E+03
0.0E+00
9.4E+03

Authorised annual limit, Bq/a
3.7E+10

% of annual limit
0.002
0.002
0.001
0.000
0.000
0.000

Normalised to output, GBq/GWha
5.4E-08
6.7E-08
1.9E-08
8.8E-10
0.0E+00
8.3E-10

Normalised to capacity, GBq/GWa
0.00044
0.00054
0.00015
0.00001
0.00000
0.00001

  H-3
9.5E+12
1.3E+13
1.0E+13
1.2E+13
1.5E+13
1.5E+13

Authorised annual limit, Bq/a
3.5E+13

% of annual limit
27
37
29
34
43
43

Normalised to output, GBq/GWha
0.86
1.17
0.90
1.08
1.34
1.32

Normalised to capacity, TBq/GWa
7.0
9.5
7.3
8.8
11.0
11.0

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
7.8E+11
1.3E+12
1.6E+12
2.0E+12
1.9E+12
1.9E+12

Normalised to output, GBq/GWha
0.071
0.117
0.144
0.180
0.169
0.167

Normalised to capacity, GBq/GWa
5.7E+02
9.5E+02
1.2E+03
1.5E+03
1.4E+03
1.4E+03









  C-14
1.4E+11
7.8E+10
1.3E+11
1.8E+11
2.5E+11
5.9E+11

Normalised to output, GBq/GWha
0.0127
0.007
0.012
0.016
0.022
0.052

Normalised to capacity, GBq/GWa
1,0E+02
5,7E+01
9,5E+01
1,3E+02
1,8E+02
4,3E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00040 
0.00030 
0.00026 
0.00060 
0.00063 
0.00039 

% of dose limit
0.13 
0.10 
0.09 
0.20 
0.21 
0.13 

Air-pathway







Annual effective dose (mSv)
0.00018 
0.00013 
0.00027 
0.00026 
0.00025 
0.00054 

% of dose limit
0.06 
0.04 
0.09 
0.09 
0.08 
0.18 

4.  Origin of waste arising:
reactor core with water and steam cycles

5.  Waste treatment:




a) Waste water:


· ion-exchange procedures and evaporation for waste water


b) Exhaust air:


(
filtration and hold-up loop for exhaust air

6.  Waste management:

a)
Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Operation mode to avoid damage of fuel elements.


b)
Improvements in waste treatment:


· Permanent monitoring of operations.


· Due to adherence to the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Emissions and discharges are below the ranges indicated.


b) No significant trends identifiable.


c) No particularly high or low values.


d) Current operations do not require additional measures to reduce discharges.


1.  Site Characteristics















Name of facility
Grafenrheinfeld






Type of facility
PWR






Date commissioned
1981






Location
Germany






Receiving water
Main















1993
1994
1995
1996
1997
1998

Installed electrical generation
1345

capacity, MW(e)







Electricity generation, GWh(e)
9339
10203
10491
10058
10691
9669









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51


5.5E+05




  Mn-54





4.2E+03

  Co-57







  Co-58
1.2E+06

7.6E+05
3.9E+05
2.5E+05
4.2E+06

  Co-60
2.0E+07
9.1E+06
7.1E+06
8.9E+06
9.4E+06
2.3E+07

  Fe-55




1.1E+06


  Fe-59







  Ni-63




1.7E+06
2.3E+07

  Zn-65







  Sr-89







  Sr-90







  Zr-95

2.7E+06





  Nb-95
6.2E+05
4.8E+06
4.4E+05
1.9E+05

5.8E+05

  Ru-103







  Ru-106







  Ag-110m


2.0E+05

5.7E+05
5.1E+05

  Te-123m
9.5E+06
3.4E+05
7.0E+06
4.5E+05
1.6E+07
2.3E+06

  Sb-124
1.1E+06
2.5E+05
1.4E+06
8.4E+05
1.3E+06
7.0E+06

  Sb-125




2.6E+05
1.2E+06

  I-131



4.2E+05



  Cs-134







  Cs-137







  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
3.2E+07
1.7E+07
1.7E+07
1.1E+07
3.1E+07
6.2E+07









Total activity excluding H-3
3.2E+07
1.7E+07
1.7E+07
1.1E+07
3.1E+07
6.2E+07

Authorised annual limit, Bq/a
5.5E+10

% of annual limit
0.059
0.031
0.032
0.020
0.056
0.112

Normalised to output, GBq/GWha
0.000003
0.000002
0.000002
0.000001
0.000003
0.000006

Normalised to capacity, GBq/GWa
0.024
0.013
0.013
0.008
0.023
0.046

  H-3
1.3E+13
1.3E+13
1.3E+13
1.6E+13
1.6E+13
1.5E+13

Authorised annual limit, Bq/a
4.1E+13

% of annual limit
32
32
32
39
39
37

Normalised to output, GBq/GWha
1.39
1.27
1.24
1.59
1.50
1.55

Normalised to capacity, TBq/GWa
9.7
9.7
9.7
11.9
11.9
11.2

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
6.1E+11
5.2E+11
5.2E+11
5.5E+11
2.9E+11
3.0E+11

Normalised to output, GBq/GWha
0.065
0.051
0.050
0.055
0.027
0.031

Normalised to capacity, GBq/GWa
4.5E+02
3.9E+02
3.9E+02
4.1E+02
2.2E+02
2.2E+02









  C-14
1.4E+11
1.4E+11
1.1E+11
1.0E+11
9.3E+10
5.2E+10

Normalised to output, GBq/GWha
0.015
0.014
0.010
0.010
0.009
0.005

Normalised to capacity, GBq/GWa
1,0E+02
1,0E+02
8,2E+01
7,4E+01
6,9E+01
3,9E+01

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00020 
0.00014 
0.00018 
0.00022 
0.00022 
0.00021 

% of dose limit
0.07 
0.05 
0.06 
0.07 
0.07 
0.07 

Air-pathway







Annual effective dose (mSv)
0.00037 
0.00037 
0.00030 
0.00026 
0.00035 
0.00018 

% of dose limit
0.12 
0.12 
0.10 
0.09 
0.12 
0.06 

4.  Origin of waste arising:
primary cooling system

5.  Waste treatment:

ion-exchange, evaporation, aerosol filters, 

activated carbon filters

6.  Waste management:



To avoid radioactive discharges as far as possible the following measures are taken:

a)
Procedures used to minimise the production of waste:


· Deployment of high quality fuel elements, based on scientific and technological know-how.

· Implementation of an operation mode geared towards maintaining fuel element integrity.

· Regular checks of fuel elements and fuel rods to monitor the quality and the state of the ele​ments.

b)
Improvements in waste treatment:


· To avoid activity concentrations to build up, about 10% of the primary cooling contents are permanently routed through ion exchangers.

· By employing evaporation systems, waste water from the controlled area is almost completely freed from radioactive components, before it is released into the receiving body (Main river).

· Exhaust air from the controlled area passes through filters (aerosol filters and activated carbon filters), which offer maximum technical separation standards. Depending on the functionalities of the installation (filters employed in case of incidents, filters employed on demand), activated carbon filters are changed if the loading is 1% or 10%.

Further information:


a)
The values for radioactive discharges in exhaust air and waste water show, that

· in exhaust air tritium is considerably below the minimum value of the corresponding range.

· in waste water tritium is considerably below the average value of the corresponding range.

· Non-Tritium is considerably below the minimum value of the corresponding range. 

b/c)
Significant upward and downward trends have not been recorded. Fluctuations between the 
individual annual discharge values are to be contributed to the different types of work covered by the individual annual reviews (more or fewer openings and clean-ups of systems). 

d)


(
The clean-up and hold-up procedures used (clean-up of the primary coolant cycle with ion-exchange resins, clean-ups of waste water by employing evaporation systems, filtering of exhaust air with aerosol filters and activated carbon filters) are still the best available state-of-the-art technology. Short or medium term improvements are thus not necessary. 

(
With the help of internal operating guidelines, training for the staff and differentiated preparatory work, radioactive discharges are kept as low as possible. 

1.  Site Characteristics















Name of facility
Grohnde






Type of facility
PWR






Date commissioned
1984






Location
Germany






Receiving water
Weser















1993
1994
1995
1996
1997
1998

Installed electrical generation
1430

Capacity, MW(e)







Electricity generation, GWh(e)
11276
10847
11359
11135
12529
11763









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54
9.4E+05






  Co-57







  Co-58
6.0E+05
2.2E+06
3.3E+05

9.2E+04


  Co-60
1.2E+07
2.5E+07
2.0E+07
5.8E+06
2.1E+07
1.4E+07

  Fe-55




2.2E+06


  Fe-59







  Ni-63




1.7E+06


  Zn-65







  Sr-89
2.3E+06
2.0E+06
2.7E+07
1.1E+07
1.7E+07
3.4E+06

  Sr-90
3.7E+05
2.5E+05
2.8E+06
1.4E+06
1.7E+06


  Zr-95







  Nb-95


1.5E+06

1.3E+05


  Ru-103







  Ru-106







  Ag-110m
1.5E+05
8.2E+05





  Te-123m
3.8E+06
1.5E+05
2.7E+06
3.1E+05

1.5E+06

  Sb-124
2.0E+06
3.4E+05
1.4E+07

9.4E+04
8.6E+05

  Sb-125







  I-131
1.7E+07
1.5E+07
3.0E+07
1.1E+07

2.1E+06

  Cs-134

1.3E+06
4.3E+05
1.8E+06
4.2E+05
4.7E+05

  Cs-137
1.8E+05
1.1E+06
5.6E+05
1.9E+06
7.7E+05
8.0E+05

  Ba-140


2.9E+07
1.8E+07

2.4E+05

  La-140



5.9E+07



  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
3.9E+07
4.7+07
1.3E+08
1.1E+08
4.5E+07
2.3E+07









Total activity excluding H-3
3.9E+07
4.6E+07
1.3E+08
1.1E+08
4.5E+07
2.3E+07

Authorised annual limit, Bq/a
5.5E+10

% of annual limit
0.072
0.087
0.233
0.200
0.082
0.042

Normalised to output, GBq/GWha
0.000003
0.000004
0.000011
0.000010
0.000004
0.000002

Normalised to capacity, GBq/GWa
0.028
0.033
0.092
0.079
0.032
0.017

  H-3
1.5E+13
1.8E+13
1.2E+13
1.0E+13
7.4E+12
1.6E+13

Authorised annual limit, Bq/a
4.8E+13

% of annual limit
31
38
25
21
15
33

Normalised to output, GBq/GWha
1.33
1.66
1.06
0.90
0.59
1.36

Normalised to capacity, TBq/GWa
10.8
12.9
8.4
7.0
5.2
11.2

Total Alpha-activity
6.1E+05
1.8E+05
7.4E+04
1.1E+05

8.7E+05

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
7.2E+11
5.3E+11
3.6E+11
6.8E+11
1.9E+11
3.9+11

Normalised to output, GBq/GWha
0.064
0.049
0.032
0.061
0.015
0.033

Normalised to capacity, GBq/GWa
5.2E+02
3.8E+02
2.5+02
4.8+02
1.4E+02
2.7

+02









  C-14
2.4E+10
9.6E+09
5.0E+10
5.2E+10
4.7E+09
3.9+11

Normalised to output, GBq/GWha
0.0021
0.001
0.004
0.005
0.000
0.026

Normalised to capacity, GBq/GWa
1,7E+01
6,9E+00
3,6E+01
3,7E+01
3,4E+00
2,7E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00010 
0.00012 
0.00011 
0.00014 
< 0.0001
0.00015 

% of dose limit
0.03 
0.04 
0.04 
0.05 
< 0.03
0.05 

Air-pathway







Annual effective dose (mSv)
0.00015 
< 0.0001
0.00041 
0.00029 
< 0.0001
0.00020 

% of dose limit
0.05 
< 0.03
0.14 
0.10 
< 0.03
0.07 

4.  Origin of waste arising:
primary coolant cycle

5.  Waste treatment:
filtration, ion-exchange procedures within mixed-bed filters, evaporation, decantation, centrifugation

6.  Waste management:

a)
Procedures used to minimise the production of waste:


· Administrative requirements.


· Protection of the equipment against leaking.


· Preventive maintenance.


· Monitoring of leakages.


Further information:


a) Tritium emissions are below the corresponding range.


b) Tritium discharges are at the lower end of the corresponding range.


c) Non-Tritium discharges are far below the respective range.


b/c)
No significant trends identifiable.


d) d)
Separator / decanter for contaminated laundry drains and sludges.

1.  Site Characteristics















Name of facility
Krümmel






Type of facility
BWR






Date commissioned
1983






Location
Germany






Receiving water
Elbe















1993
1994
1995
1996
1997
1998

Installed electrical generation
1316

Capacity, MW(e)







Electricity generation, GWh(e)
6859
2589
9635
8631
9671
4872









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54
6.6E+04






  Co-57



2.0E+06



  Co-58







  Co-60
9.8E+06
8.9E+06
5.4E+06


4.9E+06

  Fe-55

1.6E+07
4.3E+06




  Fe-59



3.5E+06
1.7E+06


  Ni-63







  Zn-65
3.2E+05

6.0E+05
2.1E+05

5.1E+05

  Sr-89







  Sr-90







  Zr-95







  Nb-95







  Ru-103







  Ru-106







  Ag-110m







  Te-123m







  Sb-124







  Sb-125



5.7E+06

3.2E+06

  I-131
1.2E+06

6.2E+06
1.9E+06
1.1E+06


  Cs-134







  Cs-137
3.6E+05
1.4E+05
2.4E+05
5.0E+05



  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
1.2E+07
2.5E+07
1.7E+07
1.4E+07
2.8E+06
8.6E+06









Total activity excluding H-3
1.2E+07
2.5E+07
1.7E+07
1.4E+07
2.8E+06
8.6E+06

Authorised annual limit, Bq/a
5.0E+10

% of annual limit
0.023
0.050
0.033
0.028
0.006
0.017

Normalised to output, GBq/GWha
0.000002
0.000010
0.000002
0.000002
0.000000
0.000002

Normalised to capacity, GBq/GWa
0.009
0.019
0.013
0.010
0.002
0.007

  H-3
6.1E+11
1.3E+11
5.8E+11
6.8E+11
4.7E+11
4.2E+11

Authorised annual limit, Bq/a
1.9E+13

% of annual limit
3
1
3
4
3
2

Normalised to output, GBq/GWha
0.09
0.05
0.06
0.08
0.05
0.09

Normalised to capacity, TBq/GWa
0.46
0.10
0.44
0.52
0.36
0.32

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
3.1E+10
1.3E+10
4.5E+10
4.6E+10
4.2E+10
3.2E+10

Normalised to output, GBq/GWha
0.005
0.005
0.005
0.005
0.004
0.007

Normalised to capacity, GBq/GWa
2.4E+01
9.9E+00
3.4E+01
3.5E+01
3.2E+01
2.4E+01









  C-14
8.5E+10
2.2E+10
7.4E+10
8.2E+10
3.4E+11
2.1E+11

Normalised to output, GBq/GWha
0.0124
0.008
0.008
0.010
0.035
0.043

Normalised to capacity, GBq/GWa
6,5E+01
1,7E+01
5,6E+01
6,2E+01
2,6E+02
1,6E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
0.00043 
0.00011 
0.00048 
0.00073 
0.00146 
0.00079 

% of dose limit
0.14 
0.04 
0.16 
0.24 
0.49 
0.26 

4.  Origin of waste arising:
reactor core with water and steam cycles

5.  Waste treatment:




a) Waste water:


· ion-exchange procedures, decantation and evaporation 


b) Exhaust air:


· filtration and hold-up loop

6.  Waste management:

a)
Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Operation mode to avoid damage of fuel elements.


b)
Improvements in waste treatment:


· Permanent monitoring of operations.


· Due to adherence to the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Emissions and discharges are below the ranges indicated.


b) No significant trends identifiable.


c) No particularly high or low values.


d) Current operations do not require additional measures to reduce discharges.

1.  Site Characteristics















Name of facility
Mülheim-Kärlich






Type of facility
PWR






Date commissioned
1986






Location
Germany






Receiving water
Rhine















1993
1994
1995
1996
1997
1998

Installed electrical generation
1302

capacity, MW(e)







Electricity generation, GWh(e)
0
0
0
0
0
0









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54
3.6E+06
1.4E+06





  Co-57







  Co-58







  Co-60
1.4E+08
1.5E+08
3.6E+07
8.9E+06
8.4E+06
6.3E+07

  Fe-55





1.5E+07

  Fe-59







  Ni-63




3.8E+06
2.9E+07

  Zn-65







  Sr-89







  Sr-90







  Zr-95







  Nb-95







  Ru-103







  Ru-106







  Ag-110m

3.9E+05





  Te-123m







  Sb-124







  Sb-125
1.0E+06






  I-131







  Cs-134







  Cs-137
2.9E+05




2.8E+05

  Ba-140







  La-140







  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
1.4E+08
1.5E+08
3.6E+07
8.9E+06
1.2E+07
1.1E+08









Total activity excluding H-3
1.4E+08
1.5E+08
3.6E+07
8.9E+06
1.2E+07
1.1E+08

Authorised annual limit, Bq/a
6.0E+10

% of annual limit
0.241
0.253
0.060
0.015
0.020
0.179

Normalised to output, GBq/GWha
-
-
-
-
-
-

Normalised to capacity, GBq/GWa
0.111
0.117
0.028
0.007
0.009
0.082

  H-3
4.6E+11
3.2E+11
2.5E+11
4.9E+10
1.8E+11
3.6E+11

Authorised annual limit, Bq/a
5.0E+13

% of annual limit
1
1
1
0
0
1

Normalised to output, GBq/GWha
-
-
-
-
-
-

Normalised to capacity, TBq/GWa
0.35
0.25
0.19
0.04
0.14
0.28

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
1.0E+11
1.1E+11
9.0E+10
8.0E+10
4.0E+10
6.7E+10

Normalised to output, GBq/GWha
-
-
-
-
-
-

Normalised to capacity, GBq/GWa
7.7E+01
8.4E+01
6.9E+01
6.1E+01
3.1E+01
5.1E+01









  C-14
5.2E+08
6.3E+08
3.9E+09
4.9E+09
2.3E+09
3.1E+09

Normalised to output, GBq/GWha
-
-
-
-
-
-

Normalised to capacity, GBq/GWa
4,0E-01
4,8E-01
3,0E+00
3,8E+00
1,8E+00
2,4E+00

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

4.  Origin of waste arising:
primary cooling system

5.  Waste treatment:



a) Primary cooling system:


· Cleaning and degassing of the primary coolant in a by-pass loop.


b) Waste water:


· Treatment of waste waters by ion-exchange procedure, evaporation, silting filtration, floc precipitation.


c) Exhaust air:


· Treatment of exhaust air by employing filters for aerosols and iodine.


· Retention of noble gases by employing a hold-up line.


6. Waste management:  

Procedures used to minimise the production of waste:


Adherence to specified operation modes to minimise damage to fuel elements and thereby the amount of radioactivity in the coolant.


Further information:     At present no further measures planned.

1.  Site Characteristics















Name of facility
Neckarwestheim 1






Type of facility
PWR






Date commissioned
1976






Location
Germany






Receiving water
Neckar















1993
1994
1995
1996
1997
1998

Installed electrical generation
840

capacity, MW(e)







Electricity generation, GWh(e)
5981
6744
6376
6514
6724
6387









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54







  Co-57


2.2E+04




  Co-58
1.6E+05

3.9E+05




  Co-60
4.2E+06
9.3E+05
6.7E+05




  Fe-55



2.6E+06
9.4E+05
4.5E+06

  Fe-59







  Ni-63



1.4E+06



  Zn-65
4.0E+04
2.8E+04

1.4E+05



  Sr-89


2.3E+04
8.5E+04



  Sr-90







  Zr-95







  Nb-95


2.0E+05


1.6E+04

  Ru-103







  Ru-106







  Ag-110m







  Te-123m
5.7E+05
4.3E+04
9.3E+05
3.7E+05
7.6E+04
1.1E+05

  Sb-124


1.7E+05

7.8E+05
5.9E+05

  Sb-125


2.7E+05




  I-131
7.4E+05
1.6E+05
2.1E+05

6.5E+05


  Cs-134


1.3E+04




  Cs-137
1.3E+06
1.2E+05
5.3E+05

1.4E+05
1.4E+04

  Ba-140







  La-140

4.3E+04
5.4E+04




  Ce-141
8.2E+04
1.4E+05
4.2E+05
5.4E+04

7.2E+04

  Ce-144


3.2E+05
9.1E+04



Other nuclides


3.8E+05




Total activity excluding H-3
7.1E+06
1.5E+06
4.6E+06
4.7E+06
2.6E+06
5.3E+06









Total activity excluding H-3
7.1E+06
1.5E+06
4.6E+06
4.7E+06
2.6E+06
5.3E+06

Authorised annual limit, Bq/a
1.9E+10

% of annual limit
0.038
0.008
0.025
0.026
0.014
0.029

Normalised to output, GBq/GWha
0.000001
0.000000
0.000001
0.000001
0.000000
0.000001

Normalised to capacity, GBq/GWa
0.008
0.002
0.005
0.006
0.003
0.006

  H-3
1.1E+13
1.5E+13
1.4E+13
1.3E+13
1.4E+13
1.0E+13

Authorised annual limit, Bq/a
1.9E+13

% of annual limit
59
81
76
70
76
54

Normalised to output, GBq/GWha
1.84
2.22
2.20
2.00
2.08
1.57

Normalised to capacity, TBq/GWa
13.1
17.9
16.7
15.5
16.7
11.9

Total Alpha-activity



9.3E+04



























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
4.7E+11
3.0E+11
2.8E+11
2.6E+11
2.6E+11
2.1E+11

Normalised to output, GBq/GWha
0.079
0.044
0.044
0.040
0.039
0.033

Normalised to capacity, GBq/GWa
5.6E+02
3.6E+02
3.3E+02
3.1E+02
3.1E+02
2.5E+02









  C-14
6.3E+09
5.7E+09
1.3E+10
7.4E+09
9.5E+09
1.3E+11

Normalised to output, GBq/GWha
0.0011
0.001
0.002
0.001
0.001
0.020

Normalised to capacity, GBq/GWa
7,5E+00
6,8E+00
1,5E+01
8,8E+00
1,1E+01
1,5E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00020 
0.00020 
0.00023 
0.00020 
0.00023 
0.00016 

% of dose limit
0.07 
0.07 
0.08 
0.07 
0.08 
0.05 

Air-pathway







Annual effective dose (mSv)
0.00012 
0.00010 
0.00015 
< 0.0001
< 0.0001
< 0.0001

% of dose limit
0.04 
0.03 
0.05 
< 0.03
< 0.03
< 0.03

1.  Site Characteristics















Name of facility
Neckarwestheim 2






Type of facility
PWR






Date commissioned
1988






Location
Germany






Receiving water
Neckar















1993
1994
1995
1996
1997
1998

Installed electrical generation
1365

capacity, MW(e)







Electricity generation, GWh(e)
10611
11017
11246
11353
10806
11348









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51







  Mn-54



5.9E+04

2.0E+06

  Co-57







  Co-58
5.8E+06
6.5E+05
1.6E+06
1.5E+06
1.1E+06
1.9E+06

  Co-60
2.1E+06
2.8E+06
6.8E+05
1.6E+06
6.3E+05
9.7E+06

  Fe-55


3.8E+06
8.5E+07
1.0E+07
2.7E+07

  Fe-59







  Ni-63


8.8E+06
2.8E+06



  Zn-65







  Sr-89


7.2E+04
1.6E+05



  Sr-90







  Zr-95




2.3E+05


  Nb-95
7.0E+04

8.3E+04
5.5E+04
5.2E+05


  Ru-103







  Ru-106







  Ag-110m



6.7E+05
4.5E+06
2.9E+05

  Te-123m







  Sb-124
2.8E+05
5.3E+05
4.8E+05

8.9E+05
4.2E+06

  Sb-125
4.3E+05
1.2E+06

3.2E+05
1.2E+05
2.5E+06

  I-131
3.8E+06
6.6E+05
2.1E+06
4.7E+06
3.2E+06


  Cs-134
2.5E+05
1.1E+06
1.3E+06
3.8E+05
3.7E+05
3.1E+05

  Cs-137
1.3E+06
6.6E+06
3.3E+06
2.1E+06
1.1E+06
9.6E+05

  Ba-140







  La-140







  Ce-141
3.0E+05






  Ce-144







Other nuclides







Total activity excluding H-3
1.4E+07
1.4E+07
2.2E+07
9.9E+07
2.3E+07
4.9E+07









Total activity excluding H-3
1.4E+07
1.4E+07
2.2E+07
9.9E+07
2.3E+07
4.9E+07

Authorised annual limit, Bq/a
6.0E+10

% of annual limit
0.024
0.023
0.037
0.166
0.038
0.081

Normalised to output, GBq/GWha
0.000001
0.000001
0.000002
0.000009
0.000002
0.000004

Normalised to capacity, GBq/GWa
0.010
0.010
0.016
0.073
0.017
0.036

  H-3
1.9E+13
2.3E+13
2.1E+13
2.1E+13
1.9E+13
1.6E+13

Authorised annual limit, Bq/a
7.0E+13

% of annual limit
27
33
30
30
27
23

Normalised to output, GBq/GWha
1.79
2.09
1.87
1.85
1.76
1.41

Normalised to capacity, TBq/GWa
13.9
16.8
15.4
15.4
13.9
11.7

Total Alpha-activity
4.3E+05

2.2E+05
9.6E+04



























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
5.1E+11
3.3E+11
3.2E+11
1.9E+11
1.3E+11
2.2E+11

Normalised to output, GBq/GWha
0.048
0.030
0.028
0.017
0.012
0.019

Normalised to capacity, GBq/GWa
3.7E+02
2.4E+02
2.3E+02
1.4E+02
9.5E+01
1.6E+02









  C-14
9.0E+10
8.2E+10
6.7E+10
1.8E+11
2.1E+11
2.7E+11

Normalised to output, GBq/GWha
0.0085
0.007
0.006
0.016
0.019
0.024

Normalised to capacity, GBq/GWa
6,6E+01
6,0E+01
4,9E+01
1,3E+02
1,5E+02
2,0E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00020 
0.00030 
0.00034 
0.00030 
0.00031 
0.00026 

% of dose limit
0.07 
0.10 
0.11 
0.10 
0.10 
0.09 

Air-pathway







Annual effective dose (mSv)
0.00045 
0.00053 
0.00042 
0.00079 
0.00030 
0.00052 

% of dose limit
0.15 
0.18 
0.14 
0.26 
0.10 
0.17 

4.  Origin of waste arising:
primary cooling system

5.  Waste treatment:

evaporation, ion-exchange

6.  Waste management:



In line with applicable rules and regulations, directives and operational manuals

a)
Procedures used to minimise the production of waste:


· Leak tightness of fuel elements.


· Cleaning of the primary cooling system.


· Waste processing.


b)
Improvements in waste treatment:


· Evaporation with a high degree of decontamination.


Further information:


· Tritium emissions to the atmosphere are at the minimum.


· Tritium discharges to water are at the average.


· Non-Tritium discharges to water are significantly below the minimum.


1.  Site Characteristics















Name of facility
Obrigheim






Type of facility
PWR






Date commissioned
1968






Location
Germany






Receiving water
Neckar















1993
1994
1995
1996
1997
1998

Installed electrical generation
357

Capacity, MW(e)







Electricity generation, GWh(e)
2748
2765
2284
2920
2916
2906









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51




4.4E+06
5.3E+06

  Mn-54
1.2E+06
2.4E+06
1.0E+06
8.0E+05
7.7E+05
5.7E+06

  Co-57







  Co-58
1.4E+07
2.3E+07
1.6E+07
2.6E+07
1.6E+07
1.2E+08

  Co-60
4.3E+07
5.9E+07
3.3E+07
7.5E+07
7.7E+07
7.8E+07

  Fe-55


1.8E+08
1.4E+08
2.6E+07
3.3E+07

  Fe-59







  Ni-63


1.8E+08
3.3E+07
6.2E+07
1.2E+08

  Zn-65







  Sr-89
2.7E+05
2.0E+05
4.0E+05
2.5E+05
1.7E+05
1.1E+05

  Sr-90
1.8E+05
3.3E+06
6.8E+05
4.0E+05
1.9E+05
1.2E+05

  Zr-95







  Nb-95



1.3E+06
1.5E+05


  Ru-103







  Ru-106







  Ag-110m
3.2E+07
9.1E+07
9.2E+07
7.0E+07
3.1E+07
1.0E+08

  Te-123m

3.0E+05



1.4E+05

  Sb-124
4.4E+06
3.1E+07
8.9E+06
9.2E+06
2.5E+06
4.9E+07

  Sb-125





1.3E+07

  I-131
3.4E+06

8.5E+05


2.8E+05

  Cs-134
2.2E+06
1.1E+07
9.0E+05
1.7E+06
1.5E+06
8.5E+06

  Cs-137
9.7E+06
2.1E+07
7.1E+06
4.6E+06
1.2E+07
1.4E+08

  Ba-140







  La-140





6.3E+06

  Ce-141







  Ce-144







Other nuclides







Total activity excluding H-3
1.1E+08
2.4E+08
5.2E+08
3.6E+08
2.3E+08
6.8E+08









Total activity excluding H-3
1.1E+08
2.4E+08
5.2E+08
3.6E+08
2.3E+08
6.8E+08

Authorised annual limit, Bq/a
3.0E+10

% of annual limit
0.368
0.807
1.736
1.208
0.777
2.265

Normalised to output, GBq/GWha
0.000040
0.000088
0.000228
0.000124
0.000080
0.000234

Normalised to capacity, GBq/GWa
0.309
0.678
1.459
1.015
0.653
1.903

  H-3
5.4E+12
4.4E+12
4.6E+12
5.7E+12
5.1E+12
5.2E+12

Authorised annual limit, Bq/a
1.8E+13

% of annual limit
30
24
26
32
28
29

Normalised to output, GBq/GWha
1.96
1.59
2.01
1.95
1.75
1.79

Normalised to capacity, TBq/GWa
15.1
12.3
12.9
16.0
14.3
14.6

Total Alpha-activity


1.1E+05




























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
1.3E+11
7.2E+10
9.9E+10
1.5E+11
1.3E+11
1.2E+11

Normalised to output, GBq/GWha
0.047
0.026
0.043
0.051
0.045
0.041

Normalised to capacity, GBq/GWa
3.6E+02
2.0E+02
2.8E+02
4.2E+02
3.6E+02
3.4E+02









  C-14
1.2E+10
6.3E+09
9.4E+09
6.1E+10
3.4E+10
1.6E+10

Normalised to output, GBq/GWha
0.0044
0.002
0.004
0.021
0.012
0.006

Normalised to capacity, GBq/GWa
3,4E+01
1,8E+01
2,6E+01
1,7E+02
9,5E+01
4,5E+01

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00020 
0.00020 
0.00021 
0.00020 
0.00020 
0.00029 

% of dose limit
0.07 
0.07 
0.07 
0.07 
0.07 
0.10 

Air-pathway







Annual effective dose (mSv)
0.0026 
0.0015 
0.0022 
0.0014 
0.0017 
0.0015 

% of dose limit
0.86 
0.48 
0.74 
0.46 
0.57 
0.49 

4.  Origin of waste arising:
primary coolant cycle

5.  Waste treatment:

filtration, ion-exchange procedures, 

evaporation

6.  Waste management:



In line with applicable rules and regulations, directives and operation manuals

Procedures used to minimise the production of waste:


· Leak tightness of fuel elements.


· Specialized operation modes for fuel elements.


· Cleaning of the primary cooling cycle.


· Waste processing.


· Ozone laundry system for contaminated clothing.


Further information:


All values are minimum values, with the exception of tritium discharges to water, where the values recorded are the average values.


1.  Site Characteristics















Name of facility
Philippsburg 1






Type of facility
BWR






Date commissioned
1979






Location
Germany






Receiving water
Rhine















1993
1994
1995
1996
1997
1998

Installed electrical generation
912

capacity, MW(e)







Electricity generation, GWh(e)
4851
6824
6603
7251
6704
7247









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51
5.0E+07
1.7E+07
1.8E+07
1.3E+08
1.4E+07
6.0E+06

  Mn-54
1.2E+07
7.8E+06
1.0E+07
2.5E+07
2.6E+07
8.2E+06

  Co-57



8.1E+07
3.1E+08
1.5E+08

  Co-58
1.2E+07
1.1E+07
4.4E+06




  Co-60
1.1E+08
1.2E+08
8.9E+07




  Fe-55



4.0E+07
1.8E+07
6.8E+06

  Fe-59



1.9E+08
2.2E+08
1.2E+08

  Ni-63



7.9E+06
7.2E+07
4.2E+07

  Zn-65
2.5E+08
1.7E+08
9.6E+07
2.9E+08
1.1E+08
4.6E+07

  Sr-89

7.0E+05

1.2E+06



  Sr-90

2.0E+05

2.2E+06



  Zr-95

3.0E+05

2.4E+06



  Nb-95

3.0E+05

2.8E+06
4.0E+05
9.2E+04

  Ru-103



6.0E+05



  Ru-106







  Ag-110m
1.7E+06
3.3E+06
1.9E+06
2.1E+06
1.3E+06
7.6E+06

  Te-123m







  Sb-124

4.4E+07

3.5E+06
7.0E+05


  Sb-125
2.2E+06



5.0E+05


  I-131
7.4E+07
4.1E+07
3.4E+07
4.3E+07
1.3E+08
2.9E+07

  Cs-134
2.8E+06
6.0E+05
6.0E+05
4.6E+06
1.7E+06
6.8E+06

  Cs-137
1.1E+07
4.4E+06
1.1E+06
1.0E+07
7.3E+06
3.3E+07

  Ba-140




4.0E+05


  La-140




3.6E+06


  Ce-141




8.0E+05


  Ce-144







Other nuclides







Total activity excluding H-3
5.3E+08
4.2E+08
2.6E+08
8.4E+08
9.2E+08
4.6E+08









Total activity excluding H-3
5.3E+08
4.2E+08
2.6E+08
8.4E+08
9.2E+08
4.6E+08

Authorised annual limit, Bq/a
1.5E+11

% of annual limit
0.350
0.280
0.170
0.558
0.611
0.304

Normalised to output, GBq/GWha
0.000108
0.000062
0.000039
0.000115
0.000137
0.000063

Normalised to capacity, GBq/GWa
0.576
0.461
0.280
0.917
1.005
0.499

  H-3
7.6E+11
4.7E+11
5.7E+11
5.4E+11
4.9E+11
5.2E+11

Authorised annual limit, Bq/a
1.8E+13

% of annual limit
4
3
3
3
3
3

Normalised to output, GBq/GWha
0.16
0.07
0.09
0.07
0.07
0.07

Normalised to capacity, TBq/GWa
0.83
0.52
0.63
0.59
0.54
0.57

Total Alpha-activity

1.0E+06
5.0E+05
3.0E+06
4.8E+06
2.1E+06

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
6.6E+10
7.5E+10
8.1E+10
7.1E+10
5.4E+10
6.4E+10

Normalised to output, GBq/GWha
0.014
0.011
0.012
0.010
0.008
0.009

Normalised to capacity, GBq/GWa
7.2E+01
8.2E+01
8.9E+01
7.8E+01
5.9E+01
7.0E+01









  C-14
3.8E+11
5.1E+11
4.7E+11
5.8E+11
5.0E+11
5.9E+11

Normalised to output, GBq/GWha
0.0783
0.075
0.071
0.080
0.075
0.081

Normalised to capacity, GBq/GWa
4,2E+02
5,6E+02
5,2E+02
6,4E+02
5,5E+02
6,5E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
0.00276 
0.00460 
0.00248 
0.00318 
0.00356 
0.00362 

% of dose limit
0.9 
1.5 
0.8 
1.1 
1.2 
1.2 

1.  Site Characteristics















Name of facility
Philippsburg 2






Type of facility
PWR






Date commissioned
1984






Location
Germany






Receiving water
Rhine















1993
1994
1995
1996
1997
1998

Installed electrical generation
1042

Capacity, MW(e)







Electricity generation, GWh(e)
11047
10814
11116
11472
11707
11347









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51
3.4E+07
6.7E+06
1.1E+07
5.0E+06



  Mn-54
1.2E+07
7.1E+06
1.0E+07
7.0E+06
2.6E+06
5.2E+06

  Co-57







  Co-58
6.1E+07
4.4E+07
3.9E+07
3.3E+07
7.2E+06
2.5E+07

  Co-60
1.8E+08
1.2E+08
1.0E+08
1.0E+08
4.6E+07
6.6E+06

  Fe-55



1.6E+07
1.9E+08
8.6E+07

  Fe-59







  Ni-63



2.6E+07
5.1E+07
1.3E+08

  Zn-65
1.0E+08
5.5E+07
3.4E+07
4.3E+06
3.0E+05
4.3E+05

  Sr-89

1.6E+06



2.0E+05

  Sr-90

7.0E+05
6.0E+05
1.0E+06

7.2E+05

  Zr-95

2.7E+07
4.3E+06
1.1E+06

5.6E+06

  Nb-95

1.8E+07
1.4E+07
8.2E+06
3.5E+06
1.5E+07

  Ru-103

2.9E+06





  Ru-106


9.6E+06




  Ag-110m
4.5E+07
4.8E+07
5.9E+07
1.3E+07
2.2E+07
3.8E+07

  Te-123m
3.0E+06
7.4E+06
2.4E+06
3.8E+06
4.1E+06
8.2E+07

  Sb-124
1.2E+08
2.2E+08
1.2E+08
1.9E+07
5.4E+06
6.0E+07

  Sb-125
5.0E+05
3.1E+06
2.7E+06
3.4E+06
1.7E+06
7.5E+07

  I-131

2.6E+08
2.2E+06
5.0E+06
1.4E+07


  Cs-134
1.1E+07
4.1E+07
8.8E+06
1.6E+07
2.5E+07
7.0E+07

  Cs-137
4.6E+07
5.0E+07
1.6E+07
3.2E+07
5.4E+07
2.3E+08

  Ba-140







  La-140







  Ce-141

4.0E+05
1.0E+05


3.9E+05

  Ce-144

5.0E+05


9.0E+05
4.0E+06

Other nuclides







Total activity excluding H-3
6.1E+08
9.1E+08
4.3E+08
2.9E+08
4.3E+08
8.3E+08









Total activity excluding H-3
6.1E+08
9.1E+08
4.3E+08
2.9E+08
4.3E+08
8.3E+08

Authorised annual limit, Bq/a
5.5E+10

% of annual limit
1.114
1.661
0.789
0.534
0.778
1.517

Normalised to output, GBq/GWha
0.000055
0.000084
0.000039
0.000026
0.000037
0.000074

Normalised to capacity, GBq/GWa
0.588
0.877
0.416
0.282
0.410
0.801

  H-3
1.3E+13
1.3E+13
1.7E+13
1.5E+13
1.6E+13
1.7E+13

Authorised annual limit, Bq/a
4.8E+13

% of annual limit
27
27
35
31
33
35

Normalised to output, GBq/GWha
1.18
1.20
1.53
1.31
1.37
1.50

Normalised to capacity, TBq/GWa
12.5
12.5
16.3
14.4
15.4
16.3

Total Alpha-activity































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
1.2E+12
1.1E+12
9.6E+11
9.7E+11
1.1E+12
1.2E+12

Normalised to output, GBq/GWha
0.109
0.102
0.086
0.085
0.094
0.106

Normalised to capacity, GBq/GWa
1.2E+03
1.1E+03
9.2E+02
9.3E+02
1.1E+03
1.2E+03









  C-14
1.0E+11
4.5E+10
6.0E+11
1.9E+11
2.5E+11
2.3E+11

Normalised to output, GBq/GWha
0.0091
0.004
0.054
0.017
0.021
0.020

Normalised to capacity, GBq/GWa
9,6E+01
4,3E+01
5,8E+02
1,8E+02
2,4E+02
2,2E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
0.00034 
0.00018 
0.00018 
0.00015 
0.00028 
0.00028 

% of dose limit
0.11 
0.06 
0.06 
0.05 
0.09 
0.09 

4.  Origin of waste arising:
primary coolant cycle and attached systems

5.  Waste treatment:




a) Waste water:


· Radioactive waste water is separated and collected according to its concentration of activity and the level of chemical contamination and is then treated according to its degree of contamination. 

· Highly contaminated water will be subject to evaporation. In case of low chemical contamination (low-degree of conductivity) it is cleaned by means of ion-exchangers. 

-
Water which is hardly contaminated but strongly chemically polluted (laundry efflu​ents for instance) are processed by means of centrifugal systems, which consist of a decanter and a separator. 

-
Depending on the concentration of activity and the composition of nuclides, de​contamination factors are 105 to 106 in case of evaporation and between 1 and 100 in case of centrifugation. 

b) Exhaust air:


· By using activated carbon filters radionuclides within the exhaust are partially ab​sorbed, while there is simultaneously a delay over time. Due to this procedure Xe-nuclides are almost totally retained. Kr-nuclides too are almost totally retained with the exception of Kr-85. The long-lived but not particularly relevant Kr-85 is fully re​leased.

6.  Waste management:

Procedures used to minimise the production of waste by following preventive measures are taken to avoid generation of radioactive waste as a result of damaged fuel elements:

· Permanent application of quality assurance measures with regard to fuel element design, fuel element construction and fuel element production at the manufacturers’ site and through mo​nitoring by the contractor and the regulatory authority.

· Handling of fuel elements according to detailed manual constructions, to avoid the risk of damaging fuel elements. Tools such as cranes, load limitors etc. are designed to meet higher requirements than other tools.

· Technical and administrative measures during operations to avoid damage to fuel elements. Automatic, electronic control mechanisms used to monitor the reactor ensure for KKP1 and KKP2 that fuel elements are not overloaded. Apart from this, an additional administrative (manual-based) and computer-based special operation mode for fuel elements will be provided for KKP1. The respective function is provided for KKP2 by means of electronic surveillance equipment.

· Regular inspection of selected fuel elements with the objective of identifying potential initial damage by means of visual inspection, eddy-current testing and, in particular, by measuring the thickness of the corrosion layer.

· Regular monitoring of activity concentration in the primary coolant to early identify damage to fuel elements during operation and to be able to take measures geared towards avoiding the potential release of activity and thus generation of radioactive waste if the plant is taken out of operation. These operational measures include, for example, opening of the reactor closure head at a late point in time, check of all fuel elements in the core for potential leakage and thus exclusion of damaged fuel elements from the next operational cycle.

Further information:


(
Non-tritium discharges into water are far below the level of the ranges published by UNSCEAR

-
Tritium emissions into the atmosphere and liquid tritium discharges are below the level of the ranges or at the lower end of the ranges. 

b/c)
Significant upward and downward trends or peaks and dips have not been recorded. 

d)


Current operations do not require additional measures to reduce discharges. 

1.  Site Characteristics















Name of facility
Stade






Type of facility
PWR






Date commissioned
1972






Location
Germany






Receiving water
Elbe















1993
1994
1995
1996
1997
1998

Installed electrical generation
672

Capacity, MW(e)







Electricity generation, GWh(e)
4740
5630
4609
5312
5219
5376









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51
8.1E+06

7.5E+06

3.9E+06
3.0E+06

  Mn-54
5.9E+05
2.4E+04
1.2E+06
4.1E+05
1.5E+05
3.5E+05

  Co-57

2.0E+04

3.9E+04
4.8E+05


  Co-58
5.1E+06
2.0E+05
1.2E+07
8.0E+06
8.0E+06
1.4E+06

  Co-60
1.1E+08
1.6E+07
8.3E+07
5.7E+07
2.8E+07
1.1E+07

  Fe-55


1.2E+07
1.0E+07
5.8E+06
1.7E+06

  Fe-59







  Ni-63


1.7E+07
1.5E+07
1.7E+07
1.5E+06

  Zn-65



3.9E+04



  Sr-89




1.8E+04
2.1E+04

  Sr-90
1.7E+05
1.1E+05
1.8E+05
9.8E+04
1.1E+05
1.6E+04

  Zr-95


2.1E+05

3.7E+05
1.7E+06

  Nb-95
1.3E+06
7.5E+04
3.6E+06
3.5E+05
1.4E+06
2.7E+06

  Ru-103
1.3E+05



4.7E+04


  Ru-106







  Ag-110m
1.4E+07
7.0E+06
1.0E+08
1.9E+07
1.6E+07
6.3E+06

  Te-123m
1.6E+06
1.0E+06
3.8E+06
1.8E+06
8.9E+05
5.9E+05

  Sb-124
8.1E+07
1.4E+07
8.8E+07
4.3E+07
2.1E+07
1.4E+07

  Sb-125
4.2E+06
3.0E+06
8.6E+05
5.0E+05
8.3E+05
4.9E+05

  I-131

1.6E+05

6.4E+04



  Cs-134
2.5E+06
6.2E+04
3.3E+05
4.2E+05
2.2E+05
5.5E+04

  Cs-137
8.9E+07
7.2E+06
3.9E+07
1.9E+07
2.2E+07
5.4E+06

  Ba-140







  La-140







  Ce-141







  Ce-144
1.9E+05






Other nuclides







Total activity excluding H-3
3.2E+08
4.9E+07
3.7E+08
1.7E+08
1.3E+08
5.0E+07









Total activity excluding H-3
3.2E+08
4.9E+07
3.7E+08
1.7E+08
1.3E+08
5.0E+07

Authorised annual limit, Bq/a
1.85E+11

% of annual limit
0.17
0.026
0.2
0.094
0.068
0.027

Normalised to output, GBq/GWha
0.000067
0.000009
0.000080
0.000033
0.000024
0.000009

Normalised to capacity, GBq/GWa
0.47
0.073
0.55
0.26
0.19
0.075

  H-3
4.8E+12
3.6E+12
2.7E+12
2.9E+12
2.7E+12
2.6E+12

Authorised annual limit, Bq/a
4.81E+13

% of annual limit
10
7
6
6
6
5

Normalised to output, GBq/GWha
1.01
0.64
0.59
0.55
0.52
0.48

Normalised to capacity, TBq/GWa
7.1
5.4
4.0
4.3
4.0
3.9

Total Alpha-activity
2.7E+05
1.9E+05
3.3E+05
3.0E+05
8.1E+04
7.3E+03

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
4.0E+11
6.7E+11
7.9E+11
3.3E+11
2.1E+12
5.9E+11

Normalised to output, GBq/GWha
0.084
0.119
0.171
0.062
0.402
0.110

Normalised to capacity, GBq/GWa
6.0E+02
1.0E+03
1.2E+03
4.9E+02
3.1E+03
8.8E+02









  C-14
9.8E+10
6.4E+10
7.1E+10
1.6E+11
9.6E+10
8.6E+10

Normalised to output, GBq/GWha
0.0207
0.011
0.015
0.030
0.018
0.016

Normalised to capacity, GBq/GWa
1,5E+02
9,5E+01
1,1E+02
2,4E+02
1,4E+02
1,3E+02

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
0.00022 
0.00016 
0.00019 
0.00030 
0.00023 
0.00019 

% of dose limit
0.07 
0.05 
0.06 
0.10 
0.08 
0.06 

4.  Origin of waste arising:
primary coolant cycle and attached systems

5.  Waste treatment:

filtration, ion-exchange procedures, 

decantation, evaporation

6.  Waste management

a) Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Chemical set-up of the major coolant.


· Smooth operation modes to avoid damage fuel elements or to minimise the impact of da-maged fuel elements.

b) Improvements in waste treatment:


· Permanent monitoring of operations.


· Due to adherence to the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Discharges are at the lower end or below the ranges indicated.


b) No significant trends identifiable.


c) No particularly high or low values.


d) Current operations do not require additional measures to reduce discharges.


1.  Site Characteristics















Name of facility
Unterweser






Type of facility
PWR






Date commissioned
1978






Location
Germany






Receiving water
Weser















1993
1994
1995
1996
1997
1998

Installed electrical generation
1320

capacity, MW(e)







Electricity generation, GWh(e)
11407
8138
8426
10432
10466
6955









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51




1.1E+06


  Mn-54







  Co-57







  Co-58







  Co-60
2.2E+08
6.5E+07
3.5E+07
4.8E+07
9.8E+07
1.6E+07

  Fe-55







  Fe-59







  Ni-63







  Zn-65







  Sr-89







  Sr-90







  Zr-95







  Nb-95
8.3E+05






  Ru-103







  Ru-106







  Ag-110m







  Te-123m
9.2E+05
1.1E+07
7.6E+07
1.4E+08
1.4E+07
3.4E+07

  Sb-124
7.6E+06
3.4E+07
4.4E+07
9.5E+06
9.6E+06
1.1E+07

  Sb-125







  I-131







  Cs-134







  Cs-137
2.6E+06
2.3E+06
9.2E+05

1.4E+06
2.5E+05

  Ba-140







  La-140







  Ce-141


9.4E+04




  Ce-144







Other nuclides







Total activity excluding H-3
2.3E+08
1.1E+08
1.6E+08
2.0E+08
1.2E+08
6.1E+07









Total activity excluding H-3
2.3E+08
1.1E+08
1.6E+08
2.0E+08
1.2E+08
6.1E+07

Authorised annual limit, Bq/a
7.4E+10






% of annual limit
0.313
0.152
0.211
0.267
0.168
0.083

Normalised to output, GBq/GWha
0.000020
0.000014
0.000019
0.000019
0.000012
0.000009

Normalised to capacity, GBq/GWa
0.176
0.085
0.118
0.150
0.094
0.046

  H-3
8.5E+12
7.7E+12
6.0E+12
1.2E+13
1.5E+13
6.9E+12

Authorised annual limit, Bq/a
3.5E+13






% of annual limit
24
22
17
34
43
20

Normalised to output, GBq/GWha
0.75
0.95
0.71
1.15
1.43
0.99

Normalised to capacity, TBq/GWa
6.4
5.8
4.5
9.1
11.4
5.2

Total Alpha-activity
2.7E+05






























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
4.8E+11
1.1E+12
1.3E+12
5.6E+11
3.5E+11
4.5E+11

Normalised to output, GBq/GWha
0.042
0.135
0.154
0.054
0.033
0.065

Normalised to capacity, GBq/GWa
3.6E+02
8.3E+02
9.8E+02
4.2E+02
2.7E+02
3.4E+02









  C-14
1.9E+10
6.0E+10
5.7E+10
5.1E+10
3.9E+10
4.9E+10

Normalised to output, GBq/GWha
0.0017
0.007
0.007
0.005
0.004
0.007

Normalised to capacity, GBq/GWa
1,4E+01
4,5E+01
4,3E+01
3,9E+01
3,0E+01
3,7E+01

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

Air-pathway







Annual effective dose (mSv)
0.00010 
0.00018 
0.00020 
0.00019 
0.00013 
0.00027 

% of dose limit
0.03 
0.06 
0.07 
0.06 
0.04 
0.09 

4.  Origin of waste arising:
primary coolant cycle and attached systems

5.  Waste treatment:




a) Primary coolant cycle:


· filtration, ion-exchange procedures, degassing, evaporation


b) Waste water from the controlled area:


· collection, silting filtration, evaporation


6.  Waste management:

a)
Procedures used to minimise the production of waste:


· Quality and design of fuel elements.


· Operation mode to avoid damage of fuel elements.


· Special programmes in case of  damage fuel elements.


b)
Improvements in waste treatment:


· Continuous monitoring of operations.


· In line with the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Discharges and emissions are to be found at the lower end or below the ranges indicated.


b) No significant trend identifiable.


c) No particularly high or low values.


d) Adherence to the obligation to minimise emissions and discharges during operation does not make it necessary to take any additional measures.

1.  Site Characteristics















Name of facility
Würgassen






Type of facility
BWR






Date commissioned / shut down
1971 / 1995






Location
Germany






Receiving water
Weser















1993
1994
1995
1996
1997
1998

Installed electrical generation
670
670
-
-
-
-

Capacity, MW(e)







Electricity generation, GWh(e)
4127
3532
0
0
0
0









2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51

1.6E+08





  Mn-54
2.2E+06
8.7E+06
4.3E+05
4.0E+05



  Co-57







  Co-58
2.9E+06
3.0E+07
6.9E+04




  Co-60
1.9E+08
6.1E+08
6.6E+07
4.7E+07
4.3E+07
9.8E+07

  Fe-55


1.3E+07
1.3E+07
3.1E+06
5.8E+03

  Fe-59







  Ni-63


2.6E+06
1.6E+06
5.6E+06
4.6E+04

  Zn-65
1.6 E07
4.6E+07
1.2E+06
3.2E+05

6.1E+03

  Sr-89

2.2E+06





  Sr-90
1.0E+06
3.0E+06
8.0E+05
1.3E+06
8.7E+06
2.7E+06

  Zr-95

1.1E+05





  Nb-95
6.5E+04
4.5E+05





  Ru-103

1.5E+06





  Ru-106







  Ag-110m
7.1E+04
1.4E+05
3.9E+05




  Te-123m







  Sb-124

9.4E+06





  Sb-125

3.0E+06
3.9E+05


6.7E+04

  I-131
2.6E+06
9.2E+05





  Cs-134
1.4E+07
1.2E+07
1.9E+06
3.8E+06
4.1E+05
5.8E+05

  Cs-137
1.9E+08
1.3E+08
3.1E+07
3.8E+07
3.7E+07
6.9E+07

  Ba-140
8.4E+05
3.3E+05





  La-140
1.8E+06
1.2E+06





  Ce-141
2.4E+06
7.6E+05





  Ce-144







Other nuclides







Total activity excluding H-3
4.1E+08
1.0E+09
1.2E+08
1.1E+08
9.8E+07
1.7E+08









Total activity excluding H-3
4.1E+08
1.0E+09
1.2E+08
1.1E+08
9.8E+07
1.7E+08

Authorised annual limit, Bq/a
6.0E+10






% of annual limit
0.680
1.700
0.196
0.176
0.163
0.284

Normalised to output, GBq/GWha
0.000099
0.000289
-
-
-
-

Normalised to capacity, GBq/GWa
0.609
1.522
0.176
0.157
0.146
0.254

  H-3
4.4E+11
3.3E+11
3.5E+10
3.8E+10
1.4E+10
1.3E+10

Authorised annual limit. Bq/a
1.0E+13






% of annual limit
4
3
0
0
0
0

Normalised to output, GBq/GWha
0.11
0.09
-
-
-
-

Normalised to capacity, TBq/GWa
0.66
0.49
0.05
0.06
0.02
0.02

Total Alpha-activity

8.9E+04


4.4E+04
6.2E+04

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
2.0E+11
1.5E+11
2.3E+10
9.3E+09
6.0E+09
7.0E+09

Normalised to output, GBq/GWha
0.048
0.042
-
-
-
-

Normalised to capacity, GBq/GWa
3.0E+02
2.2E+02
3.4E+01
1.4E+01
9.0E+00
1.0E+01









  C-14
2.6E+11
1.9E+11
1.5E+10
2.2E+09
9.4E+08
5.4E+08

Normalised to output, GBq/GWha
0.0630
0.054
-
-
-
-

Normalised to capacity, GBq/GWa
3,9E+02
2,8E+02
2,2E+01
3,3E+00
1,4E+00
8,1E-01

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.00010 
0.00015 
0.00010 
< 0.0001
0.00012 
0.00010 

% of dose limit
0.03 
0.05 
0.03 
< 0.03
0.04 
0.03 

Air-pathway







Annual effective dose (mSv)
0.0075 
0.0073 
0.0008 
0.0002 
0.0002 
0.0002 

% of dose limit
2.51 
2.43 
0.27 
0.07 
0.06 
0.05 

4.  Origin of waste arising:
primary coolant cycle and old contaminations (shut down in 1995)
5.  Waste treatment:

filtration, ion-exchange procedure, destillation

6.  Waste management:

· Permenant monitoring of operations.


· Due to adherence to the minimisation obligation, emissions and discharges are kept as low as possible.


Further information:


a) Emissions and discharges are below the ranges indicated.


b) Downward trend for both tritium and total activity excluding tritium

c) No particularly high or low values.


d) Decommissioning of the nuclear power plant.


Annex 2

Nuclear Fuel Fabrication

and

Enrichment Plants

1.  Site Characteristics















Name of facility
Gronau






Type of facility
Nuclear fuel fabrication (uranium enrichment)






Capacity, U
1800 t/a






Date commissioned
1985






Location
Gronau






Receiving water
Vechte. Ijsselmeer































1993
1994
1995
1996
1997
1998

Tonnes U  processed
960
1046
1297
1473
1557
1760

















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

Total Alpha-activity
3.1E+04
3.8E+03
1.5+04
1.1+04
3.3+03
8.5E+03

Authorised annual limit, Bq/a
7.4E+05
7.4E+05
7.4E+05
7.4E+05
7.4E+05
7.4E+05

% of annual limit
4
0.5
2
1,5
0.45
1

Normalised to production, Bq/tonnes
3.2E+01
3.6E+00
1.1E+01
7.5E+00
2.1E+00
4.8E+00

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

Total Alpha-activity
2.7E+04
2.6E+04
2.4E+04
2.4E+04
2.4E+04
5.0E+04

Normalised to production, Bq/tonnes
2.8E+01
2.5E+01
1.9E+01
1.6E+01
1.5E+01
2.8E+01

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

4.  Origin of waste arising:
decontamination of UF6-components, UF6‑container cleaning, media from traps for UF6/HF

5.  Waste treatment:

filtration, evaporation

6.  Waste management:

a)
Procedures used to minimise the production of waste:


a)
Protection of UF6-system against leaking.


b)
Utilization of vacuum systems.


c)
Minimisation of radioactive discharges by recycling residual waste.


d)
Recovery / reuse of cleaned auxiliary substances.


e)
Utilization of maintenance free gas centrifuges.


b)
Improvements in waste treatment:


a)
At present there are no further measures planned.


Further information:


b/c)
Since the plant has been taken into operation in 1985, discharges into air and water have practically been constantly low.

d)
Additional measures are not planned.

1.  Site Characteristics















Name of facility
Hanau






Type of facility
Different facilities for nuclear fuel fabrication (PWR. MOX)






Capacity, U
1350 t/a






Date commissioned/  decommisioned
1969/ 1996






Location
Hanau






Receiving water
Main































1993
1994
1995
1996
1997
1998

Tonnes U  processed
299
217
250
80
-
-

















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

Total Alpha-activity
9.2E+08
8.3E+08
3.1E+08
1.3E+08
1.8E+08
2.3E+08

Authorised annual limit, Bq/a
1.5E+10
1.5E+10
1.5E+10
1.5E+10
1.5E+10
1.5E+10

% of annual limit
6.1
5.6
2.1
0.9
1.2
1.5

Normalised to production, Bq/tonnes
3.1E+06
3.8E+06
1.2E+06
1.6E+06
-
-

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

Total Alpha-activity
2.0E+06
1.8E+06
2.1E+05
5.0E+05
0.0E+00
2.9E+05

Normalised to production, Bq/tonnes
6.5E+03






























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

4.  Origin of waste arising:



a)
Waste water:


There is no discharge of waste water from MOX fuel element production. 


· Waste water is arising from wet-chemical conversion of uraniumhexafluoride to uraniumoxide in the production of uranium fuel elements.

b)
Exhaust air:


· Exhaust air from the production of fuel elements contains radioactive substances in the form of uranium and plutonium compounds.

5.  Waste treatment:

a)
Waste water:


Chemical treatment of waste water


b)
Exhaust air:


· Filtration of exhaust air

6.  Waste management:

1.
Procedures used to minimise the production of waste:


· Filtration of the exhaust air from the glove boxes, where uranium and plutonium are processed.


· Further filtration of the exhaust air in the stack.


· Discharges of radioactive waste water arising from uranium fuel production are treated by chemical procedures.


· Process water from MOX fuel element production is treated in a waste treatment plant and stored in concreted waste bundles.


Further information:


· The production of MOX fuel elements had been stopped in 1991.


· The production of uranium fuel elements finished in the year 1996.


· The nuclear fuel element factory was shut down. 

1.  Site Characteristics















Name of facility
Lingen






Type of facility
Nuclear fuel fabrication (LWR)






Capacity, U
400 t/a






Date commissioned
1979






Location
Lingen






Receiving water
Ems































1993
1994
1995
1996
1997
1998

Tonnes U  processed
378
339
331
375
463
406

















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

Total Alpha-activity
not detected






Authorised annual limit, Bq/a
350 g Uranium






% of annual limit
-
-
-
-
-
-

Normalised to production, Bq/tonnes
-
-
-
-
-
-

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

Total Alpha-activity
not detected






Normalised to production, Bq/tonnes
-
-
-
-
-
-

















3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

4.  Origin of waste arising:



a) Waste water:


· There is no discharge of water into outside water from the fuel production plant. In other words: radioactive substances cannot be released in this way.

a) Exhaust air:


· Exhaust air from the production process and building ventilation system may contain radioactive substances in the form of uranium compounds.

5.  Waste treatment:




a) Exhaust air from the production process:


· Before exhaust air from production sites is released to the environment through a stack, it is cleaned with the help of strippers and two filtration systems for suspended substances.

a) Exhaust air from the building ventilation system:


· Exhaust air from those areas in which open uranium is available is cleaned by means of two filtration systems for suspended substances before it is released into the air via a stack.

6.  Waste management:

The following principles apply to the design and the operation of the air ventilation system:

· Air pressure in the working areas and in those areas in which open uranium is processed or handled is lower than that of other working areas and the environment.

· To avoid an increase in pressure in the production area, exhaust air fans and supply air fans are sealed against each other: an exhaust air fan must be in operation before a supply air fan can be started.

· In case of an outage of the power supply network the exhaust air fan is supplied by an inde​pendent stand-by system.

· Distributors attached at a higher level ensure that internal air is routed to the floor and that air from clean areas is routed to potentially contaminated areas.

· The difference in pressure is regularly controlled at each suspended substances filter.

· To guarantee the functionalities of the air ventilation and the exhaust air system major com​ponents are checked at regular intervals:

· the non-existence of uranium in exhaust airducts for exhaust air from processing

· each suspended substances filter before installation

· factors for retaining at the second level of filtration

· potential leaking in filter seals

· direction of air-flows within the building

· the functionalities of the power supply stand-by system

· air sampling systems at exhaust air stacks.

· Exhaust air is permanently controlled by the operator and simultaneously by an independent measuring organisation (monitoring of emissions).

· Parallel to the monitoring of emissions at the exhaust air stacks, there is continuous monito​ring for uranium deposition in the environment (monitoring of immissions).

· Operation, maintenance, checks and control measurements are based on approved and con​trolled procedures.

Annex 3

Research and Development

Facilities

1.  Site Characteristics















Name of facility
GKSS Geesthacht






Type of facility
Different research and development facilities including 2 reactors






Reactor capacity
5 MW / 15 MW






Date commissioned
1958 / 1963






Date decommissioned
  -  / 1991






Location
Geesthacht






Receiving water
Elbe






















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Cr-51


2.5E+05
9.4E+06
1.6E+06
3.8E+06

  Mn-54
2.4E+05
3.0E+05
2.0E+06
3.5E+06
1.6E+06
6.1E+05

  Co-58
8.2E+03

7.0E+04
1.9E+05
3.2E+04
9.2E+04

  Co-60
7.0E+06
8.7E+06
2.1E+07
2.6E+07
1.6E+07
4.3E+07

  Fe-59


1.6E+05
6.3E+05
1.1E+05
4.8E+05

  Zn-65
1.1E+06
1.2E+06
9.0E+06
1.7E+07
6.6E+06
8.8E+06

  Sr-89

5.0E+05
1.4E+07
1.6E+06
6.6E+05
3.6E+05

  Sr-90
3.6E+05
7.5E+05
4.2E+06
2.5E+06
2.3E+06
1.4E+06

  Zr-95


4.0E+05
1.6E+06
5.3E+05
4.3E+05

  Nb-95


5.1E+05
1.9E+06
6.7E+05
5.2E+05

  Ru-103


3.0E+05
1.5E+06
4.1E+05
3.5E+05

  Ru-106





1.3E+05

  Ag-110m




1.1E+05


  Te-123m





5.1E+04

  Sb-124
3.0E+05
2.5E+05
9.3E+05
1.9E+06
5.4E+05
2.0E+06

  Sb-125
9.6E+04
3.4E+05
5.9E+05
2.6E+05
4.5E+05
2.9E+06

  I-131



6.6E+04



  Cs-134
2.7E+05
4.8E+05
6.0E+05
8.3E+05
4.3E+05
1.3E+05

  Cs-137
1.5E+07
2.7E+07
3.0E+07
3.9E+07
1.9E+07
2.3E+07

  Ba-140



2.6E+05



  La-140


1.4E+04
3.0E+05
2.3E+04


  Ce-141
2.0E+06
1.1E+04
5.2E+05
3.5E+06
5.0E+05
2.3E+05

  Ce-144
2.4E+06
2.1E+05
2.4E+06
1.0E+07
1.3E+06
9.7E+05

Other nuclides
2.3E+04
9.5E+04
1.7E+06
4.9E+06
2.3E+06
8.0E+05

Total activity excluding H-3
2.9E+07
4.0E+07
8.9E+07
1.3E+08
5.5E+07
9.0E+07

Authorised annual limit, Bq/a
1.9E+10
1.9E+10
1.9E+10
1.9E+10
1.9E+10
1.9E+10

% of annual limit
0.2
0.2
0.5
0.7
0.3
0.5

  H-3
8.3E+08
7.9E+09
1.1E+10
1.1E+10
3.1E+09
3.7E+09

Authorised annual limit, Bq/a
5.6E+10
5.6E+10
5.6E+10
5.6E+10
5.6E+10
5.6E+10

% of annual limit
1
14
20
20
6
7

Total Alpha-activity
3.3E+04
4.6E+04
1.4E+05
1.4E+05
4.1E+04
2.6E+04

































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
3.4E+10
4.7E+10
3.8E+10
3.8E+10
3.7E+10
4.4E+10

  C-14
3.2E+08
3.8E+08
4.1E+08
3.4E+08
8.1E+07
1.6E+09

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

4.  Origin of waste arising:

primary coolant cycle

5.  Waste treatment:

filtration, ion-exchange procedures

6.  Waste management:

a.
Procedures used to minimise the production of waste:


· Tightness of fuel elements by corrosion resistant cladding (AlMg-alloy) and special surface treatment.


b.
Improvements in waste treatment:


· Sedimentation, neutralisation and evaporation of waste water.


Further information:


Future in-process measures: concentration of waste water by reverse osmosis and/or evapora​tion.

1.  Site Characteristics















Name of facility
Hahn-Meitner-Institut (HMI) Berlin






Type of facility
Different research and development facilities including 1 reactor






Reactor capacity
10 MW






Date commissioned
1973






Location
Berlin






Receiving water
Havel






















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

Total activity excluding H-3
4.4E+05
7.3E+05
6.8E+05
5.0E+05
0.0E+00
6.1E+05

Authorised annual limit, Bq/a
1)
1)
1)
1)
1)
1)

% of annual limit
-
-
-
-
-
-

  H-3
3.6E+08
1.5E+09
1.5E+09
1.8E+09
9.4E+09
1.3E+09

Authorised annual limit, Bq/a
1)
1)
1)
1)
1)
1)

% of annual limit
-
-
-
-
-
-

Total Alpha-activity







Authorised annual limit, Bq/a
1)
1)
1)
1)
1)
1)

% of annual limit
-
-
-
-
-
-









  1)     There is no authorised annual limit.  The acitivity concentration of waste water must have drinking 







           water quality    (see section 46 of the German Radiation Protection Ordinance). 































Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
1.6E+10
5.2E+10
8.1E+10
8.6E+10
5.3E+10
3.2E+10

  C-14
1.4E+09
3.7E+09
3.5E+09
3.6E+09
2.9E+09
1.9E+09

























3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

% of dose limit
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03
< 0.03

4./5.  Origin of waste arising / Waste treatment:




All the contaminated waste water that is generated in the Hahn-Meitner-Institut is collected centrally in a transfer tank. The discharges are released into the municipal sewerage system with the limit va​lues of Article 46 (4) of the Radiation Protection Ordinance being observed. (This limit is set at a con​centration of 10-2 times the annual limit of intake for ingestion per cubic meter of waste water.) The discharges given therefore subsume the releases from all the facilities in the Institute, including those of the reactor.

Only negligible quantities of low-contaminated waste water are generated by the operation of the BER II research reactor. These are released via the State Collecting Facilitiy for radioactive waste, meaning that BER II does not release any separate discharges via the water route.

Part of the flow of the reactor’s primary coolant water is continuously cleaned by ion-exchange filters. No discharges occur in this process. Intermittently ion-exchange resins occur as radioactive waste. The secondary coolant cycle and the coolant tower cycle are monitored and are free of activity.

The radioactive waste delivered to the State Collecting Facility for radioactive waste comes from re​search, industry and medicine. The physical and chemical properities of the various types of waste dif​fer accordingly. Emissions and discharges can arise from the treatment and storage of these wastes.

6.  Waste management:

a)
Procedures used to minimise the production of waste:


The fuel elements used in BER II are MTR elements with a current U-235 enrichment of 90% (in fu​ture 20%). Within the fuel plates the fuel is thightly enclosed on all sides  by the cladding material by means of roll cladding. The manufacturing process ensures a metallurgical link between the fuel and the cladding material. The surface of the fuel plates is checked for freedom from contamination after the manufacturing process.The transfer of fission products from the fuel plate into the basin water is therefore minimal, due to the design. The discharge of radioactive substances from the fuel elements into the basin water is effectively monitored by means of continuous measurements of the dose rate at the basin surface and by the means of regular sampling of the basin water.

In order to reduce the volume of the waste at the State Collecting Facility, the waste is evaporated, compacted or enclosed in cement after sorting. Incineration is not carried out in Berlin. A practice in​troduced recently is the recycling of sources containing tritium.

b)
Improvements in waste treatment:


Since 1993 BER II has been operated with a so-called “warm layer”. A heated layer of purified water is applied to the surface of the reactor basin water, which clearly reduces the transfer of fission and acti​vation products from the surface of the reactor basin water into the hall atmosphere - and thus into the exhaust air. This measure has no effect on tritium emissions; but since tritium is not decisive for the dose (at the most unfavourable point of impact in the vicinity of the installation) in the case of BER II, this measure contributed to a reduction of the dose in 1993/94 compared to 1992 (first year after re​commissioning).

This and the quality assurance measures practised for some considerable time in the manufacture of fuel elementss at BER II (see above) are the best available technology to be applied at a research reac​tor of the pool type. Further measures to reduce emissions - such as the installation of activated carbon filters in addition to the existing aerosol filters - cannot be justified due to the low level of emissions.

Further information:


The tritium and non-tritium emissions and discharges are very low.

1.  Site Characteristics















Name of facility
Jülich Research Centre (KfA)






Type of facility
Different research and development facilities including 3 reactors






Reactor capacity
10 MW / 15 MW / 23 MW






Date commissioned
1962 / 1966 / 1962






Date decommissioned
1885 / 1988 / -






Location
Jülich






Receiving water
Rur






















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  Co-60
4.0E+07



1.0E+07
1.0E+07

  Sr-89
4.0E+07
1.2E+08

2.0E+07
4.0E+07


  Sr-90
2.0E+07
5.0E+07
1.1E+08
9.0E+07
2.0E+08
3.0E+07

  I-131
2.4E+08
2.4E+08
1.9E+08
4.0E+07
2.0E+07
1.0E+07

  Cs-137
2.0E+07


3.0E+07



Other nuclides
7.4E+08
4.3E+08
4.1E+08
3.2E+08
1.1E+08
1.8E+08

Total activity excluding H-3
1.1E+09
8.4E+08
7.1E+08
5.0E+08
3.8E+08
2.3E+08

Authorised annual limit, Bq/a
7.6E+09
7.6E+09
7.6E+09
7.6E+09
7.6E+09
7.6E+09

% of annual limit
14.5
11.1
9.3
6.6
5.0
3.0

  H-3
2.2E+11
5.9E+11
2.5E+11
4.6E+11
1.2E+12
9.5E+11

Authorised annual limit, Bq/a
1.1E+13
1.1E+13
1.1E+13
1.1E+13
1.1E+13
1.1E+13

% of annual limit
2
5
2
4
11
9

Total Alpha-activity
not detected






Authorised annual limit, Bq/a
1.0E+08
1.0E+08
1.0E+08
1.0E+08
1.0E+08
1.0E+08

% of annual limit
-
-
-
-
-
-

















Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
1.9E+12
1.0E+12
1.4E+12
2.9E+12
1.5E+12
3.8E+12

  C-14
3.6E+11
1.2E+11
9.9E+10
7.9E+11
2.4E+10
6.9E+10

















3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.002
0.002
0.002
0.002
0.003
0.002

% of dose limit
0.667
0.667
0.667
0.667
1.000
0.800

4.  Origin of waste arising:



At the Jülich Research Centre radioactive emissions to air and water are mainly caused by handling open radioactive materials in various facilities or laboratories.

a) Waste water:


· Radioactive waste water is collected in 25 drain tanks, the contents of which are then centrally collected.


b) Exhaust air:


· Emissions into the exhaust air originate from 17 different facilities.


5.  Waste treatment:




a) Waste water:

Radioactivity in waste water is reduced by


· higher storage times for short-lived nuclides.


· evaporation in the case of higher concentrations.


b) Exhaust air:

As far as exhaust air is concerned radioactive emissions are reduced by


· delayed emissions of short-lived nuclides.


· using aerosol filters of level S. 


· routing exhaust air through activated carbon filters.


Further information:


· The radiation exposition calculated on a per annum basis varies due to the different volumes of radioactive materials handled and due to different weather patterns.

1.  Site Characteristics















Name of facility
Research Centre Karlsruhe (FZK)






Type of facility
Different research and development facilities. pilot reprocessing plant






Reactor capacity
44 MW / 58 MW / 20 MW






Date commissioned
1961 / 1965 / 1971






Date decommissioned
1981 / 1984 / 1991 / 1990 (pilot reprocessing plant)






Location
Karlsruhe






Receiving water
Rhine






















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  C-14
6.2E+08
1.8E+09
7.3E+07


1.1E+09

  Co-60




3.2E+05
1.1E+05

  Sr-89
7.5E+05



1.9E+05
2.3E+05

  Sr-90
4.8E+06
7.8E+06
3.2E+06
1.7E+06
3.9E+07
4.9E+07

  Cs-137
1.9E+07
2.2E+07
1.1E+07
1.4E+07
2.0E+07
2.7E+07

  Pu-241
1.6E+07
2.8E+07
3.3E+07
3.8E+07
4.4E+07
1.1E+07

Total activity excluding H-3
6.6E+08
1.9E+09
1.2E+08
5.4E+07
1.0E+08
1.2E+09

Authorised annual limit, Bq/a
3.2E+11
3.2E+11
3.2E+11
3.2E+11
3.2E+11
2.3E+11

% of annual limit
0.2
0.6
0.04
0.02
0.03
0.5

  H-3
1.2E+13
4.4E+13
1.4E+13
6.3E+12
5.9E+12
2.5E+12

Authorised annual limit, Bq/a
1.5E+14
1.5E+14
1.5E+14
1.5E+14
1.5E+14
1.5E+14

% of annual limit
8.0
29.3
9.3
4.2
3.9
1.7

  Pu-238
3.9E+05
4.5E+05
1.2E+05
5.9E+04
4.1E+05
9.3E+04

Authorised annual limit, Bq/a
1.1E+09
1.1E+09
1.1E+09
1.1E+09
1.1E+09
1.1E+09

% of annual limit
0.04
0.04
0.01
0.01
0.04
0.01

  Pu-239 + 240
4.5E+05
2.4E+05
2.2E+05
2.3E+05
1.6E+05
2.0E+05

Authorised annual limit, Bq/a
9.6E+08
9.6E+08
9.6E+08
9.6E+08
9.6E+08
9.6E+08

% of annual limit
0.05
0.03
0.02
0.02
0.02
0.02

















Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
1.2E+13
6.7E+12
9.1E+12
1.4E+13
3.9E+12
4.3E+12

  C-14
6.8E+10
1.2E+11
4.7E+10
1.9E+11
2.0E+10
9.2E+10









































3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.027
0.096
0.028
0.014
0.012
0.017

% of dose limit
9.000
32.000
9.333
4.667
4.000
5.667

4.  Origin of waste arising:



At the Research Centre Karlsruhe radioactive emissions to air and discharges to water are mainly caused by the handling of open radioactive materials in various facilities and laboratories. Contribu​tions arise also by the decommissioning of the research reactors and the pilot reprocessing plant.

5.  Waste treatment:




a) Waste water:


· The radioactive waste water is first collected in tanks, which are installed in 26 col​lecting stations next to the place of waste water generation. When the measured acti​vity concentrations are higher than the maximum permissable values, the waste water is transferred into the decontamination plant, where the radioactivity is reduced by evaporation with a decontamination factor of 104.

· In the clarification plant for chemical waste water the liquid effluents from the col​lecting stations and from the decontamination plant are mixed with chemical waste waters free from radioactivity, clarified in a multistage process and, finally, collected in three end basins before discharged into the mains canal.

a) Exhaust air:


· The radioactive emissions to air are released through a total of 43 exhaust air vents and stacks with heights between 5 m and 100 m. Compared to nuclear power plants, the releases from these facilities exhibit greater variability both in terms of activity composition and release rates.

· Radioactive aerosol emissions are reduced by 

· HEPA-filters with decontamination factors of 102 to 103 (in all facilities).

· off-gas scrubbers (only in the solid waste incineration plant and in the re​processing plant for vessel off-gas).

· Radioactive iodine emissions are reduced by activated charcoal beds or silver-im​pregnated molecular sieves (in the reprocessing plant for vessel off-gas and, if appli​cable, in decontamination facilities).

Further information:


· The variations in emissions and discharges as well as in the resulting radiation exposures are due to different volumes of radioactive materials handled as result of changes in the research and development programs and the progress in the decommissioning of nuclear facilities.

1.  Site Characteristics















Name of facility
Verein für Kernverfahrenstechnik und Analytik Rossendorf e.V.






Type of facility
Former nuclear research centre; reactors are now closed






Reactor capacity







Date commissioned
1957






Location
Rossendorf






Receiving water
Elbe






















2. Discharge and Emission data







Annual liquid discharges, Bq/a 
















1993
1994
1995
1996
1997
1998

  C-14
2.4E+07
2.8E+07
2.7E+06
2.1E+06
1.1E+06
2.1E+06

  Mn-54
1.2E+05






  Co-58




1.1E+04
1.4E+04

  Co-60
8.3E+06
5.9E+06
6.9E+06
1.2E+06
4.5E+05
3.4E+06

  Cs-137
4.3E+06
2.4E+06
2.7E+06
2.0E+06
3.7E+05
1.5E+06

  Ce-144







  Eu-152



6.1E+05



  Sr-90
2.0E+06
2.0E+06
5.5E+05
5.8E+05
2.2E+05
6.7E+05

Total activity excluding H-3
3.9E+07
3.8E+07
1.3E+07
6.5E+06
2.2E+06
7.7E+06

Authorised annual limit, Bq/a
2.3E+08
2.3E+08
2.3E+08
2.3E+08
2.3E+08
2.3E+08

% of annual limit
16.8
16.7
5.59
2.82
0.94
3.3

  H-3
3.4E+09
6.1E+09
4.1E+10
2.2E+09
2.3E+08
3.4E+10

Authorised annual limit, Bq/a
4.0E+11
4.0E+11
4.0E+11
4.0E+11
4.0E+11
4.0E+11

% of annual limit
1
2
10
1
0.1
9

Total Alpha-activity
3.7E+04
9.8E+04
4.0E+05
3.5E+05
4.0E+05
9.8E+05

Authorised annual limit, Bq/a
1.0E+06
1.0E+06
1.0E+06
1.0E+06
1.0E+06
1.0E+06

% of annual limit
4
10
40
35
40
98

























Annual aerial emissions, Bq/a 
















1993
1994
1995
1996
1997
1998

  H-3
2.3E+11
2.0E+11
4.8E+10
4.5E+10
4.2E+10
5.5E+10

  C-14
6.6E+08
7.4E+08
3.2E+09
5.7E+09
2.6E+09
6.5E+09

































































3. Radiation Doses to the Public
















1993
1994
1995
1996
1997
1998

Water-pathway







Annual effective dose (mSv)
0.012
0.011
0.011
0.005
0.003
0.012

% of dose limit
3.967
3.800
3.667
1.667
1.100
4.000

4.  Origin of waste arising:



At the Rossendorf Research Centre radioactive emissions to air and water are mainly caused by handling open radioactive materials in various facilities or laboratories.

c) Waste water:


· Radioactive waste water is collected in 11 drain tanks.


d) Exhaust air:


· The radioactive emissions to air are released through a total of 14 exhaust air vents and stacks with heights up to 50 m. Compared to nuclear power plants, the releases from these facilities exhibit greater variability both in terms of activity composition and release rates. 


5.  Waste treatment:




c) Waste water:

Radioactivity in waste water is reduced by


· higher storage times for short-lived nuclides.


· Ion exchange and evaporation in the case of higher concentrations.


d) Exhaust air:

As far as exhaust air is concerned radioactive emissions are reduced by


· delayed emissions of short-lived nuclides.


· using aerosol filters of level S. 


· routing exhaust air through activated carbon filters.


Further information:


· The radiation exposition calculated on a per annum basis varies due to the different volumes of radioactive materials handled and due to different weather patterns

Radioactivity in North Sea Biota, 1994-1999

Prepared as contribution to the “Progress Report to the Fifth North Sea Conference - Radioactive Substances, Waste”

Federal Research Centre for Fisheries, Hamburg, May 2001

Introduction

The German report series “Environmental Radioactivity and Radiation Exposure”
 is published annually by the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety. It contains a chapter “Marine and Freshwater Fish and Products”
, which is prepared by the Federal Research Centre for Fisheries, Hamburg. For the purpose of reporting to the “Progress Report to the Fifth North Sea Conference - Radioactive Substances, Waste” data from the reports for the years 1994 to 1999 were re-compiled into four tables which are appended and the contents of which are shortly explained below.

The monitoring of the radioactive contamination of North Sea biota is based on measurements by the German Federal State Measuring Laboratories working within the so-called IMIS system (“Integrated Measuring and Information System”) which is based on the “Precautionary Radiation Protection Act
”. In addition, the radioactive contamination of North Sea biota is investigated by the Federal Research Centre for Fisheries (Hamburg).

Radioactivity data, 1994 - 1999 

Table 1 shows the results of gamma spectrometric measurements of North Sea biota obtained - mainly - within the IMIS system. The average detection limit for Cs-137 is about 0.1 Bq kg-1 wet weight. Activity concentrations of other gamma emitting radionuclides were not detectable. The samples measured by the Federal State Measuring Laboratories were mainly taken from markets which means that samples cannot be allocated to specific areas of the North Sea. The fish data in Table 1 are based on pool samples that are indiscriminate of the fish species collected and thus integrate over all marketable fish species
. 

Results for fish, mussels and shrimps from the North Sea, measured by the Federal Research Centre for Fisheries, are shown in the Tables 2, 3 and 4, respectively. Results of radiochemical analyses of Sr-90, Am-241 and plutonium isotopes are included. Fish was collected during cruises with the research vessel FRV “Walther Herwig III”. Samples of mussels and shrimps from the German coastal area were obtained from local Fishery Cooperatives. 

For the evaluation of descriptive statistical parameters - median, minimum and maximum values are estimated - a special procedure (due to Helsel and Cohn) was used allowing to include the “less-than” values (values below the detection limit). 

 Table 1
Cs-137 activity concentrations in fish from the North Sea and shrimps and mussels from the German North Sea coastal area




Measurements of the Federal Countries in Germany within IMIS, including measurements of the 




Coordinating Office (BFAFi Hamburg) in the case of fish 




(N: total number of measurements; nn: number of values < detection limit)

sample
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

North Sea fish,  flesh

all collected species
1994

1995

1996

1997

1998

1999
51

64

133

75

74

60
8

7

26

0

3

2


0.60



0.56



0.44



0.45



0.45



0.43


<0.1



<0.1



<0.1



0.11



<0.1



<0.11


1.7



2.7



2.4



1.8



1.7



1.8

North Sea shrimps,  flesh

(crangon crangon)
1994

1995

1996

1997

1998

1999
15

16

24

16

15

14
8

11

10

11

11

12


0.089



0.049



0.10



0.080



0.073



<0.06


<0.1



<0.06



0.069



0.067



<0.1



0.058


0.4



0.18



0.25



0.16



0.22



0.20

North Sea  mussels, flesh (Mytilus edulis)
1994

1995

1996

1997

1998

1999
13

19

27

16

17

18
5

7

11

11

12

16


0.079



0.092



0.068



0.083



0.11



<0.1


<0.06



<0.08



0.041



<0.068



<0.1



<0.1


0.33



0.51



0.33



0.59



0.15



0.33

Table 2
Radionuclide activity concentrations in fish from the North Sea




Samples collected during cruises with FRV “Walther Herwig III” between 52°40’N and 60°N




Measurements of the Federal Research Centre for Fisheries (BFAFi Hamburg) 




(N: total number of measurements; nn: number of values < detection limit)

sample
radionuclide
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

herring flesh

(Clupea harengus)


Sr-90

Cs-137

Pu-239,240

Am-241


1994

1995

1996

1997

1998

1994

1995

1996

1997

1998

1999

1994

1995

1996

1997

1996

1997
2

3

1

2

1

2

4

4

2

3

2

2

4

1

1

1

1
0

0

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0.0031


0.0020


<0.0038


0.0018


0.0014


0.73


0.68


0.71


0.52


0.54


0.46


0.000079


0.000053


0.000055


0.00019


0.000019


0.000025

0.0027


0.0018


<0.0038


0.0018


0.0014


0.62


0.61


0.43


0.42


0.49


0.44


0.000062


<0.000026


0.000055


0.00019


0.000019


0.000025

0.0036


0.0030


<0.0038


0.0019


0.0014


0.84


0.82


0.80


0.62


0.58


0.49


0.000096


0.000082


0.000055


0.00019


0.000019


0.000025

Table 2 
Radionuclide activity concentrations in fish from the North Sea

(continued)
Samples collected during cruises with FRV “Walther Herwig III” between 52°40’N and 60°N




Measurements of the Federal Research Centre for Fisheries (BFAFi Hamburg) 




(N: total number of measurements; nn: number of values < detection limit)

sample
radionuclide
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

cod flesh

(Gadus morhua)
Sr-90

Cs-137

Pu-239,240

Am-241
1994

1995

1996

1997

1998

1994

1995

1996

1997

1998

1999

1994

1995

1996

1995

1996
7

5

4

1

5

11

11

17

5

11

5

11

5

8

3

6
5

4

3

0

4

0

0

0

0

0

0

9

4

6

3

6

0.0040


<0.0029


<0.0032


<0.0016


<0.0017


1.1


1.1


0.90


0.64


0.60


0.65


0.000015


<0.000030


0.000028


<0.000052


<0.000039

0.0039


<0.0023


<0.00092


0.55


0.44


0.42


0.49


0.35


0.47


<0.000035


<0.000025


<0.000025


<0.000047


<0.000015


0.0056


0.0029


0.0032


0.0016


<0.0017


1.7


2.7


2.4


1.2


1.7


0.84


0.00011


0.000030


0.000038


<0.000052


<0.000039

cod  liver

(Gadus morhua)
Co-60

Ag-108m

Cs-137
1994

1995

1996

1997

1998

1999

1994

1995

1996

1997

1998

1999

1994

1995

1996

1997

1998

1999
12

12

14

4

11

5

12

12

14

4

11

5

12

12

14

4

11

5
8

5

9

3

7

4

3

8

9

2

6

3

0

0

0

0

0

0

0.015


0.023


0.018


<0.028


0.015


<0.026


0.016


0.0059


0.0076


0.010


0.0088


0.0052


0.35


0.27


0.28


0.20


0.17


0.11

0.011


0.0096


<0.016


<0.22


0.013


<0.011


0.011


<0.0081


<0.0077


<0.0076


0.0055


0.0052


0.064


0.076


0.059


0.13


0.053


0.053

0.053


0.062


0.035


0.028


0.039


0.026


0.032


0.045


0.066


0.012


0.100   # 1


0.0088


1.3


0.78


1.3


0.37


0.57


0.38

mackerel flesh

(Scomber scombrus)
Sr-90

Cs-137

Pu-239,240
1994

1995

1996

1997

1998

1994

1995

1996

1997

1998

1999

1994

1995

1996

1997
1

2

2

2

5

1

2

4

3

7

4

1

2

2

1
0

1

2

1

2

0

0

0

0

0

0

0

1

1

1

0.017


<0.0030


<0.0043


<0.0015


0.0012


0.36


0.45


0.37


0.45


0.43


0.44


0.000033


<0.000064


<0.000063


<0.000044

0.017


<0.0042


0.0011


0.36


0.36


0.31


0.27


0.29


0.41


0.000033


<0.000034


<0.000050


<0.000044

0.017


0.030


<0.0043


0.0015


0.0033


0.36


0.53


0.44


0.47


0.76


0.49


0.000033


0.000064


0.000063


<0.000044

# 1: this sample (from 57°50’N; 01°10’W) also contained Ag-110m with 0.10 Bq/kg wet w.

Table 2
Radionuclide activity concentrations in fish from the North Sea

(continued)
Samples collected during cruises with FRV “Walther Herwig III” between 52°40’N and 60°N




Measurements of the Federal Research Centre for Fisheries (BFAFi Hamburg) 




(N: total number of measurements; nn: number of values < detection limit)

sample
radionuclide
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

haddock flesh

(Melanogramm-us aeglefinus)
Sr-90

Cs-137

Pu-239,240
1994

1995

1996

1997

1994

1995

1996

1997

1999

1994

1995

1996
2

3

4

2

3

5

7

2

1

3

3

3
2

3

0

1

0

0

0

0

0

1

0

0

<0.0070


<0.0093


0.0022


<0.0019


0.80


0.72


0.89


0.68


0.47


0.000083


0.000045


0.000042

<0.0067


<0.0030


0.0017


0.43


0.70


0.48


0.61


0.47


<0.000041


0.000016


0.000040

<0.0070


<0.0093


0.0033


0.0019


0.95


1.1


1.1


0.76


0.47


0.00023


0.00015


0.000056

plaice flesh

(Pleuronectes platessa)
Sr-90

Cs-137

Pu-239,240

Am-241
1994

1996

1994

1995

1996

1997

1998

1999

1994

1996

1996
3

1

3

2

5

5

4

3

3

2

2
3

1

0

0

0

0

0

0

3

1

2

<0.015


<0.0056


0.39


0.35


0.25


0.50


0.51


0.18


<0.00023


<0.000057


<0.000025

<0.012


<0.0056


0.29


0.25


0.19


0.18


0.20


0.17


<0.000054


<0.000046


<0.000018

<0.015


<0.0056


0.91


0.46


0.76


0.71


0.59


0.26


<0.00023


0.000057


<0.000025

sprat

(Sprattus sprattus),

whole body
Sr-90

Cs-137

Pu-238

Pu-239,240

Am-241
1994

1995

1996

1997

1998

1994

1995

1996

1997

1998

1999

1994

1995

1996

1994

1995

1996

1995

1996
1

3

3

1

1

1

3

5

1

2

2

1

3

5

1

3

5

3

5
0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.0071


0.0063


0.0039


0.0040


0.0064


0.78


0.57


0.91


0.33


0.49


0.38


0.000039


0.000052


0.000094


0.000096


0.00029


0.00039


0.000085


0.00011

0.0071


0.0041


0.0039


0.0040


0.0064


0.78


0.49


0.77


0.33


0.33


0.24


0.000039


0.000050


0.000022


0.000096


0.00029


0.00013


0.000071


0.000030

0.0071


0.0064


0.0074


0.0040


0.0064


0.78


0.63


1.7


0.33


0.65


0.52


0.000039


0.000067


0.00013


0.000096


0.00035


0.00065


0.00017


0.00036

Table 2
Radionuclide activity concentrations in fish from the North Sea
(continued)
Samples collected during cruises with FRV “Walther Herwig III” between 52°40’N and 60°N




Measurements of the Federal Research Centre for Fisheries (BFAFi Hamburg) 




(N: total number of measurements; nn: number of values < detection limit)

sample
radionuclide
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

all samples of fish flesh pooled
Sr-90

Cs-137

ratio Cs-134/ 

  Cs-137

Pu-239,240

Am-241


1994

1995

1996

1997

1998

1994

1995

1996

1997

1998

1999

1994

1995

1996

1997

1998

1999

1994

1995

1996

1997

1995

1996

1997
16

15

12

7

11

23

27

40

18

25

15

23

27

40

18

25

15

23

16

17

2

4

11

1
11

10

7

2

6

0

0

0

0

0

0

10

8

28

16

22

14

15

7

9

1

4

10

0

0.0036


0.0022


0.0022


0.0016


0.0014


0.91


0.72


0.76


0.50


0.56


0.47


0.015


0.014


0.011


0.0067


0.0060


<0.022


0.000037


0.000023



0.000037


<0.00019


<0.00024


<0.000019


0.000025

0.0027


0.0018


0.0017


0.0015


<0.00092


0.29


0.25


0.19


0.18


0.20


0.17


0.0091


0.0070


0.0061


<0.0071


0.0056


<0.014


0.000033


0.000016


<0.000025


<0.000044


<0.000047


<0.000015


0.000025

0.0056


0.0030


0.0033


0.0019


0.0033


1.7


2.7


2.4


1.8


1.7


0.84


0.034


0.031


0.023


0.015


0.019


0.022


0.00023


0.00015


0.000063


0.00019


<0.00024


0.000019


0.000025

Table 3
Radionuclide activity concentrations in mussels from the German North Sea coastal area




Measurements of the Federal Research Centre for Fisheries (BFAFi Hamburg) 




(N: total number of measurements; nn: number of values < detection limit)

sample
radionuclide
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

mussels 

(Mytilus edulis),

flesh
Co-60

Sr-90

Ru-106

Sb-125

Cs-137   #1

Pu-239,240

ratio Pu-238/

  Pu-239,240

Am-241

ratio Am-241/

 Pu-239,240
1994

1995

1996

1997

1994

1995

1996

1997

1994

1994

1995

1996

1997

1994

1995

1996

1997

1994

1995

1996

1997

1994

1995

1996

1997

1995

1996

1997

1995

1996

1997
4

7

11

2

4

6

10

1

4

4

7

11

2

4

7

11

2

4

2

10

2

4

2

10

2

1

10

2

1

10

2
0

0

0

0

0

0

0

0

3

2

3

10

2

0

0

0

0

0

0

0

2

0

0

0

0

0

0

0

0

0

0

0.097


0.095


0.052


0.020


0.027


0.025


0.011


0.019


<0.011

0.026


0.042


<0.024


<0.023


0.069


0.092


0.058


0.082


0.0013


0.0015


0.0011


0.0013


0.25


0.22


0.23


0.16


0.00049


0.00074


0.00094


0.70


0.66


0.74

0.078


0.025


0.017


0.018


0.019


0.017


0.0091


0.019


<0.11


0.026


<0.023


<0.021


<0.015


0.060


0.051


0.041


0.063


0.0012


0.00069


0.00096


0.0010


0.23


0.17


0.13


0.14


0.00049


0.00049


0.00080


0.70


0.49


0.71

0.15


0.11


0.060


0.022


0.031


0.033


0.017


0.019


0.11


0.031


0.061


0.024


<0.031


0.076


0.29


0.14


0.10


0.0013


0.0024


0.0014


0.0015


0.26


0.26


0.28


0.17


0.00049


0.00086


0.0011


0.70


0.72


0.77

#1: The ratio Cs-134/Cs-137 in mussels was in average <0.4.

Table 4
Radionuclide activity concentrations in shrimps from the German North Sea coastal area




Measurements of the Federal Research Centre for Fisheries (BFAFi Hamburg) 




(N: total number of measurements; nn: number of values < detection limit)

sample
radionuclide
year
N
nn
median value
Bq/kg wet w.
minimum value
Bq/kg wet w.
maximum value
Bq/kg wet w.

shrimps

(Crangon crangon),

flesh
Co-60

Sr-90

Cs-137  #1

Pu-239,240

ratio Pu-238/

 Pu-239,240 

Am-241

ratio Am-241/

 Pu-239,240
1995

1996

1997

1998

1999

1995

1996

1997

1998

1995

1996

1997

1998

1999

1995

1996

1997

1998

1995

1996

1997

1998

1995

1996

1997

1998

1995

1996

1997

1998
3

9

7

6

5

2

9

7

5

3

9

7

6

5

3

9

7

3

1

6

1

1

3

9

7

1

3

6

3

1
0

5

5

4

4

0

0

3

1

0

0

0

0

0

0

3

4

0

0

2

0

0

0

3

1

0

0

2

0

0

0.014


0.010


0.013


0.013


<0.018


0.0095


0.0098


0.0076


0.0058


0.12


0.12


0.11


0.092


0.070


0.000055


0.000062


0.000050


0.000049


0.18


0.21


0.24


0.44


0.000048


0.000037


0.000047


0.000076


0.85


0.38


0.88


0.64

0.013


0.0076


0.013


0.012


<0.016


0.0052


0.0055


0.0076


0.0053


0.10


0.069


0.084


0.060


0.066


0.000049


0.000043


0.000050


0.000034


0.18


0.14


0.24


0.44


0.000047


<0.000027


0.000026


0.000076


0.38


0.32


0.58


0.64

0.019


0.016


0.024


0.013


0.018


0.014


0.018


0.021


0.0068


0.14


0.22


0.15


0.13


0.12


0.00022


0.00018


0.00013


0.00012


0.18


0.46


0.24


0.44


0.000083


0.00014


0.00012


0.000076


0.98


1.0


0.92


0.64

#1: The ratio Cs-134/Cs-137 in shrimps was in average <0.1.

REPORTING 

The 5th North Sea Conference

Management of Radioactive Substances, including waste

Norway

The effects observed in the environment and concentrations of radionuclides in the marine environment

A new, comprehensive national programme for monitoring of Radioactivity in the Marine Environment (RAME) was established in 1999. The principal objective of this programme is to document levels, distributions and trends of anthropogenic and naturally occurring radionuclides along the Norwegian coast and in the North Sea, the Norwegian Sea and the Barents Sea, and to make information regarding radioactive contamination available to authorities, the fishing industry, the media and the public in general. The programme also includes collecting updated information on both Norwegian and other sources of radioactive contamination, and assessments of radiation exposures of humans and biota. 

Presently the main sources of radioactive contamination in Norway’s marine waters are releases from the reprocessing plants in Sellafield, fallout from Chernobyl accident and from nuclear weapons testing. Other sources, such as the sunken submarines Kursk and Komsomolets or the dumped radioactive waste in the Kara Sea have no significant impact on the large-scale distribution in the marine environment. In 1994 and 1995, discharges of 99Tc from the reprocessing facilities at Sellafield in the Unite Kingdom start increased sharply. There were public concerns about the consequences of such releases, since it was well known that discharges would be transported by ocean currents via the North Sea and along the whole Norwegian coast into the Barents Sea and beyond. In response to such concerns, programmes for monitoring of radioactivity in the marine environment were established. The collection and updating of discharge data from Norwegian sources and data concerned with the long-range transport of radionuclides from various sources is included as an integral part of the marine monitoring programme. Liquid discharge data from nuclear installations and recent trends in such discharges are summarized, together with the available information concerning nuclear weapons fallout and outflow of 137Cs of Chernobyl origin from the Baltic Sea. In addition data regarding the discharges of production water from the North Sea oil and gas industry are also included. 

In certain industrial or other technological processes naturally occurring radionuclides can be concentrated to levels orders of magnitude higher than normally found in nature. In Norway two main areas have been identified where technologically enhanced concentrations of naturally occurring radioactive material (TENORM)  can be regarded as a source of leakages or discharges of radionuclides to the marine environment: the oil and gas production in the North Sea and runoff from mine tailings.  Some data exists regarding the discharges of production water from the North Sea oil and gas production, but data on runoff from mine tailings are lacking. However, there are plans to extend the marine monitoring programme to include monitoring data also in this field from 2002.  

The reprocessing plant at Sellafield in England began operating a new waste treatment plant in 1994. Thus has resulted in changes in the composition of radionuclides being discharges into the sea as liquid waste. the 99Tc levels in seawater at Hillesøy have increased by a factor of four between July 1997 and December 1999. In 1999, the activity level of the 99Tc in seaweed (Fucus vesiculosus) from Hillesøy (The Norwegian sea) and Utsira (The North Sea) confirm the significant increase of 99Tc activity levels in the marine environment. 

In the period from 1994 to 2001 the open sea areas shown that the level of radioactivity of 137Cs levels in seawater, sediment, fish and porpoises are considerably reduced due to dilution effects with increasing distance from the sources were lowest activity level was observed in the Barents Sea, area surrounding Svalbard and the Sea surrounding Iceland. In the south area of the Norwegian coastal waters as in the North Sea, Skagerrak and Kattergatt there has been a significant decrease in the levels of 137Cs since the 1980s. However, in recent years the variations of 137Cs in the seawater can largely be explained by variations in the water exchange with the Baltic Sea. In 1999 the levels of 137Cs in fish caught from different Norwegian fjords indicated higher uptake of 137Cs activity from the fjords than in more open sea areas, but the activity concentrations are still less then 1 Bq kg-1 wet weight. This higher level in some of the fjords is mainly due to Chernobyl fallout and runoff from the local drainage area. 

In the period from 1994 to 2001 the activity concentrations of 241Am, 239+240Pu, 238Pu and 60Co in samples collected in the marine environment surrounding Norway were low. In Grøttheim`report from 2000 it is indicated that Pu in the eastern part of the North Sea might been originated from La Hague, because of the composition of radionuclides of 239,240Pu compared to 238Pu. However, results and composition of 239,240Pu compared to 238Pu from other parts from the North Sea indicate that the reprocessing plant at Sellafield in England is the main contributor of releases og plutonium to other part of the North Sea.

The discharges of radionuclides from Norwegian sources are only detectable in the environment close to the discharge points and have no significant impact on the large-scale distribution of anthropogenic radionuclides in the marine environment. The results from Nitelva (Skagerrak) in 1999 show average levels of 241Am and 239+240Pu on respectively 28.7 Bq kg-1 and 841 Bq kg-1.  These high levels of plutonium contamination were of great concern to the NRPA. Radiation doses to the public exceeding present dose limits could occur.  Based on this background, the NRPA ordered a clean-up operation and all sediments with concentrations of transuranics (plutonium + americium) higher than 10 Bq/g were removed in early spring 2000.  

Radioactive Waste Management

Policy. 

The policy in management of radioactive waste in Norway is essentially the same as in 1997. There is a committee of selected experts dealing with future strategies for the management of high level waste, and it’s report is expected to be finalised early autumn 2001. The policy for the other types of radioactive waste is unchanged.

Practice
Since 1997, the Combined Storage and Repository for Low and Intermediate Radioactive Waste in Himdalen has been taken into service. It has a capacity of about 10 000 barrels, and about one quarter of it is filled with waste which previously was stored on the premises of Institute for Energy Technology at Kjeller.

It is planned to establish a rock cavity facility for storage of low level radioactive waste (Scale) from the petroleum and gas industry in Sokndal municipality on the west coast of Norway. The size of the rock cavity is dimensioned for storage of up to 350 tons of low level radioactive waste, now intermediately stored on bases along the Norwegian coast. The establishment will be able to receive 60 tons of waste each year. Radioactive deposits, often referred to as LSA (Low Spesific Activity) scale, can under certain circumstances be formed inside production equipment in oil production. These deposits contain elevated levels of radioactivity, mainly 226Ra, 228Ra and their daughter products, and represent a waste problem for the oil industry. Huge amounts of scale exceeding the exemption level of 10 Bq/g of 226Ra and 228Ra are generated as a result of both onsite and offsite decontamination of tubulars and different types of topside equipment. As a provisional arrangement, several bases for temporal storage of the waste have been established along the Norwegian coastline. Two developers are now planning lasting solutions to the waste problem. The two initiatives involve storing and processing of the waste respectively. 
New legislation

A new law on radiation protection and the use of radiation came into force 01.07.2000. To ensure a safe disposal of radioactive waste from a radiation protection view, a supplementing regulation on waste treatment is under preparation. 
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Introduction

In the preparation for the Fifth North Sea Conference, there is a request from the North Sea Secretariat, of information for management of radioactive substances, including waste. This information will provide a basis for a Progress Report to be prepared by the Committee of North Sea Senior Officials (CONSSO) giving the status of implementation for the commitments made at previous North Sea Conferences.

CONSSO (12-13 October 2000) adopted a reporting format, which described the various elements from the Esbjerg Declaration that should be covered by the 5NSC Progress Report. 

Sweden hereby encloses the requested information according to this format.

1. Best Available Technology (BAT) to reduce or eliminate radioactive discharges.

The SSI Report 2000:11 “Liquid Discharges from the Ringhals and Barsebäck Nuclear Power Plants” is enclosed.

Assessment of achievements
The BAT concept has been included in new legislation and regulations, defined as “the most effective measure available to limit the release of radioactive substances and the harmful effects of the releases on human health and the environment, which does not entail unreasonable costs”

2. Discharges to the marine environment

Discharge data for 1999 and for 2000 are shown in the enclosed tables for Ringhals and Barsebäck NPPs.

According to regulations issued by the Swedish Radiation Protection Institute (SSI), the nuclear facilities shall monitor the radioactive discharges and the occurrence of radioactive substances in environmental samples taken in the vicinity of the installations. During 1999 and 2000 all discharges have been below the dose constraint; i.e. the annual radiation dose to individuals of the critical group has been below 0,1 mSv. For all installations, except the Ringhals NPP, the discharges have been below 1 % of the limit. For Ringhals the discharges were below 7 % of the dose limit (see also figs 6 -9 in SSI report 2000:19, enclosed)

Assessment of achievements

There is an increased awareness among the operators and staff at the nuclear facilities of the importance to reduce radioactive discharges. This is partly due to demands from national authorities and inter alia based on international conventions as the OSPAR-convention and the Esbjerg-declaration.

3. Concentrations of radionuclides and, if possible, observed effects on the marine environment due to radioactive substances (update since OSPAR QSR).

The SSI Reports 2000:19 “Utsläpps- och omgivningskontroll vid de kärntekniska anläggningarna 1999” (in Swedish), and 2000:13 ”Utvärdering av omgivningskontrollprogrammet vid kärnkraftverken och Studsvik” (in Swedish) are enclosed. 

Environmental monitoring

The results of the environmental monitoring programme show detectable concentrations of a number of radionuclides in the marine environment (see also figs 6 -9 in SSI report 2000:19 and table A10 – A12, B5 – B7 in SSI report 2000:11). For Cs-137, in particular, there are also other sources of release than the nuclear facilities. Samples taken from the terrestrial environment rarely contain radionuclides in detectable amounts that can be related to the discharges from the nuclear installations.

Assessment of achievements

Environmental monitoring is performed in such a way that it is relevant for assessing long-term trends, for performing model verification, and for evaluating compliance with environmental goals. The data show low environmental concentrations of key nuclides and do not reveal increasing trends. Although there are no recognized principles to assess any impact on non-human biota, current knowledge indicates that the discharges from nuclear power plants do not cause any harm to the marine ecosystems.

4. Radioactive Waste Management, policy and practice.

Three new regulations have been adopted since the last NSC meeting: 

· SSI FS 1998:1. “Protection of Human Health and the Environment in connection with the Final Management of Spent Nuclear Fuel and Nuclear Waste”; (Swe: ”Statens strålskyddsinstituts föreskrifter om skydd av människors hälsa och miljön vid slutligt omhändertagande av använt kärnbränsle och kärnavfall”). This regulation entered into force on 1/2 1999.

These regulations apply to the final management of spent nuclear fuel and nuclear waste. The concept “Best available technique” is introduced and defined (se point 4). The aim is to protect human health and the environment from the harmful effects of ionising radiation, during the different stages of final management of spent nuclear fuel or nuclear waste, as well as in the future. Optimisation must be performed and BAT shall be taken into account.

· SSI FS 2000:12. ”Statens strålskyddsinstituts föreskrifter om skydd av människors hälsa och miljön vid utsläpp av radioaktiva ämnen från vissa kärntekniska anläggningar.” This regulation will enter into force on 1/1 2002.

The main purpose with this regulation is to limit and reduce the discharges of radioactive substances from certain nuclear facilities (nuclear power reactors, research reactors, fuel fabrication facilities, storages for spent fuel and waste disposal facilities during their operating phase. The BAT-concept has been included in parallel with the ALARA-concept. Human health and the environment should be protected from the harmful effects of ionising radiation now and in the future.

· SSI FS 2001:1 ”Statens strålskyddsinstituts föreskrifter om hantering av radioaktivt avfall och kärnavfall vid kärntekniska anläggningar.” This regulation will enter into force on 1/1 2002.

The aim with this regulation is to assure that radioactive waste is managed in such a way as to provide an acceptable level of radiation protection, to minimise the generation of radioactive waste and to limit the harmful effects of ionising radiation, now and in the future. The regulations specify inter alia the plans required for handling, final management and storage of existing and arising waste.

The three regulations are enclosed. They are also available on the Radiation Protection Institute’s web page: www.ssi.se under the heading “författningar”.

Assessment of achievements

These three new regulations comply well with the statements in the 4NSC article 57, concerning management of radioactive substances, including waste:

1. “inter-dependencies among all steps in radioactive waste generation and management shall be appropriately taken into account; 

2. consideration for future generations is of fundamental importance in the management of radioactive waste; 

3. particular attention to be paid to controlling the various ways by which humans might be exposed to ionizing radiation, to the impact of exposure to such radiation of species other than humans, to adverse effects on natural resources and to non-radiological environmental impact, such as chemical pollution or alteration of natural habitats; 

4. generation of radioactive waste shall be kept to the minimum practicable; and 

5. radioactive waste shall be managed in such a way as to provide an acceptable level of protection for human health and the environment: the preferred approach to radioactive waste management is concentration and containment of radionuclides rather than dilution and dispersion in the environment. However, as part of radioactive waste management, radioactive substances may be released within the authorized limits as a legitimate practice, into the air, water and soil and also through the reuse of materials.” 

5. Criteria for protection of the environment

To fulfil the requirements of the Swedish Radiation Protection Institute’s two regulations for protection of human health and the environment (SSI FS 1998:1 and 2000:12, see point 4) there is a need for operational criteria. The development of such criteria is one main objective of the FASSET project (Framework for Assessment of Environmental Impact), an EU-supported research project coordinated by the Swedish Radiation Protection Institute with participation from six countries. The project is to end by October 2003. 

Sweden is also participating in the ICRP task group on environmental protection, as well as in on-going work of the IAEA.

Assessment of achievements

There has been an increasing focus on work aimed at providing criteria for protection of the environment, and discussions have already taken place in several international meetings and groups. There are still some years before an operational system will be available.

Report from United Kingdom

Progress Report to the Fifth North Sea Conference,
Reporting format for Management of Radioactive Substances, including Waste

4NSC Article

57, iii:
Data 1995 – 1999 inclusive for UK in “Radioactivity in Food & the Environment”. RIFE 1, 2, 3, 4 & 5.


RIFE 1 (1995 data) does not cover Scotland. This can be found in Scottish Office Statistical Bulletins, “Radioactive Waste Disposals from Nuclear Sites in Scotland” and “Environmental Monitoring for Radioactivity in Scotland.”


Assessment of achievements:

The UK Government issued its consultation document on the UK Strategy for Radioactive Discharges on 21 June of last year. This describes how the UK proposes to implement the agreements reached at the 1998 Ministerial meeting of the OSPAR Commission, with regard to radioactive substances.  It also provides a policy base for future reviews of discharge authorisations by the regulatory bodies and for strategic planning by the nuclear operators. The strategy sets a framework for radioactive discharges from UK installations over the next twenty years. The consultation closed on 22 September 2000. The final version of the strategy will be issued in the Summer.

57, 62:
The UK Government’s policy on radioactive wastes is that they should be managed in ways that protect the safety of the public, the workforce and the environment, now and in the future. The UK Government and the Devolved Administrations will shortly publish a consultation paper on the management of radioactive waste. The aim of this consultation is to start the process that ultimately leads to the implementation of a radioactive waste management policy capable of commanding widespread support across the UK including the public, the scientific community and others.”
Report from OSPAR
Thank you very much for enabling us to comment on the draft "Draft Reporting System" for the 5th North Sea Conference; Radioactive Substances (ref. 00/00309-2/515/IBA 13.07.2000). While focusing on the interface between OSPAR and the 5th NSC, we have the following remarks and suggestions. 

General

1.
We appreciate the approach that the reporting should not duplicate work in other international organisations e.g. OSPAR. You illustrate this by indicating that reporting on the effects observed in the environment as a consequence of measures taken should as far as possible refer to the development of the OSPAR QSR for the Greater North Sea and should not be part of the national reporting requirements. We also welcome that a similar approach is followed for other reports available from OSPAR in order to avoid duplication of work. We suggest that you should also reflect on the reporting system for the 5th NSC in the wider context of the OSPAR Strategy with regard to Radioactive Substances. Cooperation has been established between OSPAR and the EC on environmental impact assessment i.e. in the context of an update of the MARINA study. Information in the pilot study for the MARINA II project might already be of help (RAD 00/6/2).


Specific remarks and suggestions following the specific reporting system for radioactive substances

2.
With regard to the OSPAR Strategy, the outcome of the 2000 meeting of the OSPAR Commission is also important. OSPAR 2000 adopted inter alia:


a.
the 2000 Progress Report on the Implementation of the OSPAR Strategy with regard to Radioactive Substances (OSPAR 00/20/1, Annex 11);


b.
in view of further work recommended in that report, a Programme for the More Detailed Implementation of the OSPAR Strategy with regard to Radioactive Substances (OSPAR 00/20/1, Annex 13).


Both documents are attached. For further information, you could consult the Summary Record of OSPAR 2000. However, according to the reporting requirements in the Programme under § b, national reports to be submitted to OSPAR's Radioactive Substances Committee (RSC 2002 and 2003) will be too late to serve as a contribution to the progress report of the 5th NSC.

3.
In the context of reporting on the application of BAT to reduce or eliminate radioactive discharges, I suggest that you use the summary of reports submitted in the second round of implementation reporting in accordance with PARCOM Recommendation 91/4. This report was published by OSPAR in 1999 and covers discharge data from nuclear installations in the period 1991-1994. In the context of the third round of this implementation reporting, RAD 2000 examined national reports from the Netherlands, Sweden and the UK covering the period 1993-1998. RAD 2000 agreed on further arrangements for reporting by Contracting Parties, including a timetable, in this third round of reporting, viz.:


a
RSC 2001 to examine implementation reports from France, Germany, Norway and Switzerland;

b.
RSC 2002 to examine implementation reports from Belgium, Denmark, (Portugal and Spain);


c.
RSC 2003 to examine a draft summary of national reports submitted in the third round of implementation reporting. It seems unlikely that national reports (based on the OSPAR guidelines for the submission of information about, and the assessment of, the application of BAT in nuclear facilities) of some North Sea States will be available in due time for the 5th NSC progress report.

4.
With respect to data on discharges to the marine environment, you could draw upon the annual OSPAR reports on liquid discharges from nuclear installations. These reports are published on an annual basis since 1987. Since 1997, this reports also show an overview of trends with regard to total alpha, tritium and total beta discharges. OSPAR 2000 agreed on the publication of the 1998 report, which could be made available to you (some slight amendments included in the version as at RAD 00.6.1). The establishment of the 1999 report before RSC 2001 (finally to be agreed for publication at OSPAR 2001) may also be in time to be incorporated in the 5th NSC progress report. In the context of these annual OSPAR reports, I would like to draw your attention of the summary of the report on sources, inputs and temporal trends on radioactive discharges from nuclear installations for the years 1989 to 1995, which was published by OSPAR in 1998. The full report was presented by Germany at the 1998 meeting of PRAM (cf. PRAM 98/6/4) and could still be made available by Germany (Dr Dirk Obrikat) on request (also available on CD ROM).

REPORT ON THE MANAGEMENT OF RADIOACTIVES SUBSTANCES

INCLUDING WASTE

FOR THE 5th NORTH SEA CONFERENCE
Presented by France

Ministry for Economic affairs, for Finances and for Industry

General directorate for energy and raw materials

Nuclear Service

I – Best Available technology (BAT) to reduce or eliminate radioactive discharges

At the meeting of the radioactive substances committee of OSPAR, the delegation of France have presented the French 2000 Implementation Report on PARCOM Recommendation 91/4 which covered the nuclear reprocessing facilities in La Hague and nuclear power plants in France.

The committee agreed that the information presented by France included indications that BAT had been applied in its nuclear installations. 

II – Discharges to the marine environment

The French delegation will submit to OSPAR its discharges data from 2000 in September, for the presentation in January 2002 of the annual OSPAR Report on liquid discharges from nuclear installations.

III – Concentrations of radionuclides and observed effects on the marine environment due to radioactive substances.

The collection and the analysis of data at international level on concentrations in the marine environment is the object of an intersessional work of OSPAR, which will present the outcome of its work to the radioactive substances committee in 2002.

IV – Radioactive Waste management

A – The reduction of discharges of radioactive substances from nuclear installations to the marine area

According to the ministerial declaration of Esbjerg (§ 56.5 and 58), “the preferred approach to radioactive waste management is concentration and containment of radionuclides rather than dilution and dispersion in the environment”. This preoccupation is fully integrated in the French policy fixing new release limit values of nuclear installations, and leads the Industrials to adopt new process in order to reduce or eliminate discharges to the marine environment, the preference being given to systems of concentration into solid wastes.

a) The new French policy about liquid effluent release licences.

The May 4, 1995 decree 95 540 set a new framework for the regulations governing all types of Basic Nuclear Installation (BNI) releases and water intake.

Since 1995, BNI liquid and gaseous effluent release and water intakes are authorized by joint orders from the Ministers for Industry, the Environment, and Health. The orders have established the following,

· The release and water intake limit values allowed to operators

· The analysis, measurement, and control of the authorized structures, facilities, works, or activities, and the facilities monitoring their impact on the environment

· The conditions governing how operators report to the public authorities on releases and the findings of environmental impact monitoring

· The controls carried out by the public authorities

· The terms and conditions of public information

The specific authorisation order sets limits of activity but may also sets limits on activity flow (in order to ensure a correct diffusion of the effluents in the receiving medium), and specific activity for some radio elements, before or after dilution in the receiving medium (Order of November 26th 1999).

The rationale for setting discharge limits relies upon both Best Available Technology and dose constraints. The operator has to demonstrate that every reasonable effort is done at every step, from the effluent generation to the ultimate treatments, in order to keep the impact to the critical group or groups as low as reasonably possible, and the impact resulting from the complete use of the authorisation must lead to an impact much lower than the regulatory limit, so that its addition to the impact of other sources do not lead to an impact greater than the regulatory limit. This process is consistent with the dose constraint principle. 

The Nuclear Safety Authority (DSIN, the French Nuclear Installation Safety Directorate) intends to reduce the release limit values to bring them closer to real release values. It is of particular importance that defined release limit values be as low as is technically and economically feasible, thus forcing operators to lower releases by using the best available technologies at an acceptable cost, while complying with the quality of the natural environments.

Several circumstances may prompt nuclear facility operators to request a release or water intake license, i.e., the setup of a Basic Nuclear Installation, an appreciable alteration of an existing facility, or the renewal of former release licenses.  However, the 1995 decree allows the Administration to review all existing licenses at its discretion, irrespective of any application submitted by operators. 

The May 4, 1995, decree 95-540 governs the release license procedure. The procedure has been set up as a step forward for high level of transparency. It also makes it easier to control compliance with license terms.

The Ministries for Industry and Environment are in charge of processing applications for BNI liquid and gaseous effluent release and water intake licenses. The procedure includes filing a comprehensive dossier that is subjected to the review of various departments before undergoing a public inquiry. The interministerial order covering several applications may grant release licenses only once this procedure is complete. 

At this time, four licenses have been issued in compliance with the procedure stipulated in the 1995 decree.

The licenses were issued to the nuclear power generation sites of Saint-Laurent-des-Eaux, Flamanville, and Paluel for the Northern Sea Conference zone. 

The Nuclear Safety Authority has undertaken a review of all current license decrees. The progress report on main operators procedures is as follows,

· EDF installations - Without waiting for the expiry of current licenses and upon request from the Nuclear Safety Authority, EDF has drawn up a schedule to the effect that the last release license application for a CNPE (Centre Nucléaire de Production d’Électricité, nuclear power generation site) will be filed in 2005. In addition to the standard documents, the Nuclear Safety Authority has asked EDF to provide a study on the aggregate impact of CNPE releases into the Loire River. The first orders have granted release licenses with much lower limit values compared to earlier licenses.

· Fuel Cycle Facilities - The main site is the La Hague venue. Current discharge licenses were issued in 1980 and 1984. The Nuclear Safety Authority is currently reviewing them. In the new order, the limit values will be sharply reduced. 

b) Description of systems adopted in the nuclear facilities

b-1) Application in the Etablissement COGEMA de La Hague 

Type of facility : Reprocessing facility and associated functions: interim storage pools, liquid effluent treatment station, plutonium recovery unit in wastes, waste conditioning units (with two different compacting units), fission products vitrification units, interim storage for wastes before return to foreign customers or disposal in France, discharge laboratory and environmental laboratory.

The principles of the “new effluent management” are the following ones:

-
Use of a very tight system of containment to prevent losses, a minimum of two complete physical barriers being installed between radioactive material and the environment.

-
Optimisation of the destination of by-products, first priority being to recycle them as much as possible into the process, second priority, for what cannot be recycled, being to send as much as reasonably possible to the solid wastes (with a preference for vitrification, and to compaction and/or grouting if not possible to vitrify). The remainder is discharged in either atmosphere or sea, following technical possibilities, preferably where the impact on critical groups is minimum.

-
The exposition of workers, and the risks to population and workers are taken into account to balance the options.

Consequently, effluents are collected, then treated as much as possible, to recover all reagents, purify and if necessary convert them in order to recycle them into the process, the remainder being concentrated and the radioactive elements it contains sent to solid wastes, most of them to vitrification, which is the most compact and efficient way of conditioning radioactive elements. Some processes giving effluents that could not be concentrated or vitrified (such as some laboratory analyses) have been changed in order to withdraw some active flows.

For instance, all aqueous solutions used to rinse structural elements (end-pieces and debris of cladding called hulls) are recycled to prepare the dissolution reagent from highly concentrated nitric acid, itself recycled, concentrated and purified by evaporation after other products (fission products, uranium and plutonium) have been removed from its flow in the process. This is also the case for spent solvent and diluent, which are purified from the radioactivity and the degradation products they contain by distillation under vacuum in a special evaporator. The remaining fraction, in this case, cannot be vitrified and is grouted as solid waste after calcinations in a dedicated unit. This is a first and very important mean of reducing effluents.

For the solutions which cannot be recycled, previous liquid effluents management was based on an activity level separation. High activity effluents were all sent to vitrification, medium and low activity effluents were collected and sent separately to the effluent treatment station STE3, in the same batches whatever their origin, their acidity and their chemical content (provided it could be accepted by STE3 equipment and process). Very low activity effluents, in fact those which receive no activity in normal operation, therefore called “V” effluents, meaning “to be verified”, were stored, controlled by batches to check their activity was below the prescribed threshold, then filtered and discharged to the sea between the active effluents discharges which take place during high tidal stream periods.

In the frame of “new effluent management” as the operator calls it, high activity effluents are still sent to vitrification. The difference is on medium and low activity effluents, which are now collected on an acidity basis, acid ones on one side, alkaline ones on the other side. Instead of being sent to the effluent treatment station to be treated on activity level sorting, they are concentrated in dedicated evaporators, which were installed without stopping the operation of the plant. The main part of the feed of the acid and alkaline evaporators comes out as distillates practically free of contamination, which are sent to “V” effluents and discharged with them. The remaining concentrates take the whole radioactivity, become thus high activity effluents (of very little volume compared to the original one) and are then sent to vitrification with these ones. This is a second and also very important mean of reducing effluents, and also to reduce solid waste volume.

These technical developments became possible in UP2-800 and UP3-A because of the significant improvements brought by the new implementation of the process in these plants. This one led to substantial reduction of the quantity and of the activity (better Decontamination Factors) of the effluents. In turn, this permitted to concentrate the effluents in evaporators of reasonable size which were possible to install in free spaces of the plants. It was not possible to implement such dispositions in older plants using less performing process or process equipment.

The case of analytical laboratory analysis effluents is a specific one. The activity they contained was a significant part of alpha emitters and a minor part of other emitters effluents before volume reductions began. When most of volume reduction dispositions were in place, other emitters proportion became also significant. Most of them could not be recycled because the reagents used for the analysis led to compounds which were not compatible with the necessary treatments. The most important measures taken were to develop new technologies of automatised on line measures which do not need to take samples from the process, thus suppressing the effluent flow, and also to develop the technology of plasma torch chromatography which needs extremely reduced samples and do not use unusual reagents, suppressing another part of the effluent flow. Some of the remaining plutonium solutions analyses were the cause of the high alpha activity content of the effluents coming from the analytical laboratory. A dedicated plutonium recovery unit on this flow allowed a significant reduction of the alpha activity driven to the effluents from the laboratory.

Following the implementation of the better controlled process of STE3 (as described in previous La Hague BAT application Report) since 1989, which led to substantial reductions of the activity of the discharges, the implementation of these principles from 1991 on, brought new significant reductions as well as a lesser volume of solid waste, the radioactive elements instead of being bituminised or cemented, being sent to vitrified wastes accepting much higher activity concentration. Thus, the lowering of discharges was not obtained at the detriment of solid waste, but together with a better compactness of these.

These examples show how best available technologies of the moment are developed and used in La Hague plants as soon as they become available, with clearly apparent reductions in the volume and the activity of the effluents and in the corresponding impact.

Noticeable individual radioactive elements found in the effluents are the following ones:

-
Iodine: 131I formed in reactor having a very short period has disappeared during cooling time and only 129I is present in the reprocessed fuel elements. It is a very soluble and mobile element, extremely difficult to contain on the long term and the optimum solution is to direct it to the sea, where isotopic dilution with stable iodine present in sea lowers its radio-toxicity by several orders of magnitude (around 1/100,000), which added to physical dilution in the volume of sea leads to extremely small impact on critical groups. Everything is then done to reduce the quantity sent to the atmosphere. Iodine flows in gaseous form during the dissolution process. A specific equipment, iodine desorber, is installed on the dissolved flow to remove as much iodine as possible from the solution and direct it to the sea, instead of leaving it desorb further in the process and reach the atmosphere. Off-gases from the dissolver and the iodine desorber are washed in a soda-flushed plate column, and silver zeolite traps operating at high temperature complete the treatment and remove residual iodine. Some 131I is formed in the plant from disintegration of other elements. Active carbon filters or zeolite traps have been installed at known places where most of this element would flow to atmosphere, keeping atmospheric discharges at a very low level.

-
Tritium: an important part of the inventory is trapped inside the zirconium alloy cladding of the fuel elements. The rest is mostly in liquid form. As for iodine, the process is arranged to remove as much as possible tritium from the main flow to direct it to the sea where it encounters physical and isotopic dilution, as well as significant decay before coming back to man, since its period is only 12.33 years. In the process, the so-called tritium barrier in the form of a washing column is installed after dissolution, clarification and accountancy, just before the first extraction stage, leaving only a few per cent of the tritium inventory to be discharged under gaseous form.

-
Carbon 14: it is liberated in the process during the dissolution under the chemical form of carbon dioxide. Soda washing used to trap iodine also traps most of carbon dioxide, but it is difficult to keep both of them in the solution. So some part of it leaves the solution and is discharged under gaseous form, most of the rest being sent to the sea with iodine solution.

Other radioactive elements of minor importance, either by their quantity or their potential impact, are released in the process under various forms - gaseous, liquid, liquid or solid aerosols. They are more or less thoroughly trapped by the different industrial production processes implemented, the discharge fraction being always extremely low as well as the corresponding impact.

b-2) Application to Electricité de France (EDF) facilities

The creation of each BNI has been the object of an authorization decree and authorizations have also been issued with a concern for environmental protection (BNI water intake and releases).

Since the outset of the nuclear facilities, reducing the impact of direct liquid and gaseous releases has been an ongoing policy. Release reduction hinges around three points, i.e.,

· The setup of an organization dedicated to each site (‘effluent’ committees, supervisors of unit stoppage effluents, systematic national feedback, and so on) to marshal all the players involved in reducing releases at the source, and optimizing treatments. 

· The development of special operating processes, such as effluent drainage, to separate the effluents rich in radioelements from the chemically polluted effluents, to improve sorting at the source, optimize treatments, and give priority to recycling 

· The upgrading of all the installations according to acquired experience

As a result, the average volume of released liquid effluents by a 1,300Mwe nuclear unit has been halved over the past ten years.
Ongoing actions have dramatically slashed released activities (except for tritium) since 1981 (action was divided by 180 from 1985 to 2000 for the 13000 standard design and by 100 for the 900 standard design). During the same period, the amount of generated solid waste was cut by a factor of four. 

Beyond the reduction of released activities, these efforts have had consequences on the respective weight of ‘fatal’ radionuclides (tritium and carbon 14). As of now, these radionuclides account for less than 5% of the total dose.  

For the renewal of initial licenses and in compliance with the 1995 Decree, the administration considered that from then on it would be advisable to set release limit values as low as feedback would allow. For the first license renewal pertaining to water intake and release of the Saint-Laurent power station, this led to an overall authorized activity reduction by a factor of roughly 35 compared to former release licenses (not including liquid tritium and carbon 14). The Administration intended that special release limit values were to be made mandatory for each category of radioelement. As a result, carbon 14, iodine, and gaseous tritium that were not explicitly referred to in the initial orders, are now the objects of release limit values. Radioactive (liquid or gaseous) effluent releases must not add alpha emitters into the environment. This provision is checked by a control carried out before each release, with a ‘decision-making threshold’ stipulated in the order.

B – A different type of management for each type of radioactive waste

a)
General presentation of the radioactive waste management
Waste management has two goals : to protect the environment by avoiding the dissemination of radioactive substances, and to limit the constraints for future generations.

This task comes under the responsibility of the “Agence nationale pour la gestion des déchets radioactifs” (ANDRA), the national agency for the management of radioactive waste. In accordance with the law 91-1381 of December 30, 1991, ANDRA became an autonomous public establishment, independent of the waste producers. 

According to the various categories of waste (resulting from the cross-application of two criteria: activity of the waste and its lifetime), different channels of management exist :

Activity/period
Short-lived
Long-lived

Very low level

Produced in the past during exploitation of the French uranium mines,

Now, from the dismantling of nuclear facilities (debris, reinforcing irons, cables…)
· dedicated disposal facilities under investigation

· recycling channels under investigations
· conversion of current storage areas into disposal facilities under investigations

Low level 

Short life : manufacturing waste and worn equipment and materials, cleaning rags and protective clothing…from various types of nuclear operation (reactors, fuel cycle plants, laboratories, hospitals)

Long life : radiferous waste
· surface disposal at the Aube repository,

· recycling of certain metals under investigation

· dedicated disposal facilities for tritiated waste under investigation.
· dedicated disposal facilities planned for waste containing radium and graphite

Medium level

Short life : manufacturing waste and worn equipment and materials, cleaning rags and protective clothing…from various types of nuclear operation (reactors, fuel cycle plants, laboratories, hospitals)

Long life : generated by plants involved in the fuel cycle (sludge from spent fuel reprocessing, irradiated assembly structures…)

· waste management channels being devised in the framework of law 91-1381 of December 30, 1991 (see above chapter C/ )

High level

Short life : fission products

Long life : minor actinides
Waste management channels being devised in the framework of law 91-1381 of December 30, 1991

b) 
Rationalising radioactive waste management by the nuclear operators

This policy falls within the scope of Law 75-633 of July 15, 1975 concerning waste disposal and recovery of materials. The basic principals of this law are the responsibility of the waste producers, the traceability of this waste and the necessity to inform the general public.

In this context, the Order of December 31, 1999 fix the rationalisation of radioactive waste management, which involves for the waste producers : 

· drafting “waste surveys” for each nuclear site, adopting an approach already used for certain installations classified on environmental protection grounds (ICPE). The purpose of these waste surveys is to draw up an inventory of waste management provisions on a given site, with a view to implementing an adapted optimisation process aimed at overall waste management improvement and the development of new management channels. These surveys would thus lead to the adoption of new procedures for VLL (very low level) waste management,

· dividing the installation into zones, with a view to identifying areas producing waste which could be radioactive,

· definition for each type of radioactive waste of authorised and well-adapted disposal channels, based on impact studies and on which the general public has been both informed and consulted,

· setting up of waste monitoring systems, ensuring traceability.

b-1) Waste management by COGEMA at La Hague

· Fission products :

Fission product solutions (VHL) are concentrated by evaporation before being placed in stainless steel tanks, equipped with permanent cooling and stirring devices, together with a continuous scavenging for the hydrogen produced by radiolysis. After a decay period, the fission product solutions are treated using the vitrification process developed by the Commissariat à l’Energie Atomique (CEA). The resulting glass, in which the fission products are integrated, is cast in stainless steel containers. After solidification, the containers are transferred to an interim storage installation where they are air-cooled.

· Waste from radioactive effluent treatment :

The La Hague operates two radioactive effluent treatment stations (STE 2 and STE 3). The effluents are treated by coprecipitation and the resulting sludge is bitumen encapsulated and cast in stainless steel drums in the most recent of these installations (STE 3). The drums are them stored on the site. Activity at these two installations has considerably lessened in recent years since more effluents are now evaporated in the various fuel reprocessing facilities and the concentrates are vitrified. 

COGEMA also operate an organic effluent storage installation. The effluents stored there are subsequently treated using a mineralization process by pyrolysis in the MDSB facility. These installation produces cemented packages suitable for surface disposal.

· Radioactive solid waste :
Technological solid waste is sorted, compacted and encapsulated or blocked in cement. The package are sent to the Aube repository. Packages unsuitable for surface disposal are kept in interim storage pending a final disposal solution.

Long-lived medium level structural waste (hulls and end-pieces) is stored underwater at the DE/EDS facility, pending startup of the compaction facility (ACC), which would enable volume reduction by a factor of 4 to 5 prior to packaging. This new process will replace the former cement process.

b-2) EDF Waste management 

· Operating waste :
Waste resulting from PWR plant operation is mainly low or medium level waste. It contains beta and gamma emitters but few or no alpha emitters. The waste falls into two categories : 

- 
process waste from gaseous or liquid fluid treatment to reduce the activity level or released effluents. This waste mainly consists of ion exchange resins, water system filters, evaporator concentrates, liquid sludge, prefilters, absolute filters and iodine traps,

- 
technological waste from maintenance operations. They may be solid (rag, paper, cardboard, vinyl sheets or bags, wooden or metal parts, rubble, gloves, protective clothing, etc.) or liquid (oils, decontamination effluents).

It should be noted that, if the ion exchange resins and water filters represent only about 4% of the volume of waste produced, they contain 97% of the activity removed.

The technological waste, representing the main stream of waste sent for surface disposal, is currently precompacted at the power plant in 200 litre metal drums before it is sent to the Aube waste repository, where it is compacted and concrete embedded in 400 litre drums before storage. With this system, an average of 25 primary drums (200 l) can be packaged in each 400 litre drum.

Other waste is packaged in metal-lined reinforced concrete shells. Filters, evaporator concentrates and liquid sludge are coated with a hydraulic binding agent, using permanent installations (in the waste treatment building for example) or mobile equipment, depending on the reactor type and the unit concerned.

For the final packaging of ion exchange resins, EDF uses two encapsulation processes, the older PRECED and the more recent MERCURE. The packages produced by both machines are suitable for surface disposal.

In 1999, the Safety authority initiated a process culminating in 2001 in the joint assessment by the Advisory Committees for reactors and for waste of the management policy developed by EDF, at both Head Office and production site levels , for the management of both operating waste and waste resulting from past practices. EDF was notably requested to submit a recapitulative document on its waste management policy, together with waste surveys for all its production sites. 

· solutions for EDF spent fuel :
After unloading, EDF transfers its spent fuel to interim storage pools provided in buildings adjoining the reactors buildings. When cooled, the spent fuel is removed to the COGEMA reprocessing plant at La Hague. EDF’s policy consists in maintaining an appropriate balance between the quantity of plutonium removed from its spent fuel during reprocessing and that required for MOX fuel fabrication. On this basis is defined the number of spent fuel assemblies reprocessed annually at La Hague.

The portion of spent fuel which is not reprocessed will have to be disposed of through channels devised of the law of December 30, 1991 concerning radioactive waste management. 

C – Diversified research for the management of long-lived high level waste : application of the law of December 30,1991.

Law 91-1381 of December  30,1991 defined the main research paths for radioactive waste management: 

- 
long-lived high level waste must be managed with due regard for the protection of nature, the environment and health and for the rights of future generations, 

- 
research will be undertaken on: 

-
separation and transmutation of the long-lived radioactive elements in these wastes,

-
reversible or irreversible storage in deep geological formations, the feasibility of which would notably be assessed by the construction of underground laboratories,

-
processes permitting the packaging and long-term surface storage of these wastes.

In 2006, the Parliament will be required to state its position on this matter.

Meanwhile, a National Assessment Commission release each year a report that appraises the advance of the process.

a) Separation/ transmutation

Separation/transmutation processes are aimed at isolating and transforming long-lived radionuclides in nuclear waste into short-lived radionuclides and stable elements. 

Separation covers a number of processes, the purpose of which is to recover separately, mainly by chemical means, certain long-lived transuranians (Pu, Np, Am, Cm) or fission products (Cs, Tc, I). These radionuclides, after repackaging, will be incinerated (by fission) to give short-lived nuclides, or transmuted (by capture) into stable atoms. On-going studies in this area are complementary to those performed by the ANDRA on a deep repository design.

Most of the mechanisms involved are at the research stage (notably at the CEA), and it is important to ascertain both the scientific and technical feasibility of these processes.

The Safety Authority ensures that the experimentation involved in this research programme, performed notably in the Phénix and Atalante installations, are carried out under satisfactory safety conditions.

b) Underground laboratories 

In the context defined by the law of December 30, 1991 and with the view to implementation of the second of the above-mentioned research paths, the consultation procedure was entrusted to a mediator, the Deputy Christian Bataille, and resulted, in January 1994, in selection by the Government of four zones featuring favourable geological characteristics, located in the Gard, Haute-Marne, Meuse and Vienne departments. At the beginning of 1995, the ANDRA identified three potential underground laboratory sites in the Gard, the Vienne and in a boundary zone between the Haute-Marne and the Meuse. Work carried out on all three sites was examined and, after a favourable opinion by the DSIN, the Government decided in June 1996 to authorise the ANDRA to submit application files for licences to install and operate underground laboratories and the three sites identified.

The ANDRA submitted its applications in mid-1996. They were examined in accordance with the procedure defined by the decree of July 16, 1993, for implementation of the law of 1991. This decree provides for a public inquiry and consultation of the authorities concerned (municipal, departmental and regional councils). These consultations took place during the second half of 1997 and gave rise to the expression of favourable opinions on the part of the Prefects of the Gard, Vienne and Meuse departments. The three licences applications were moreover analysed by the IPSN and then examined by the Advisory committee for waste, which gave a favourable opinion on each of the site on April 1997.

On December 1, 1997, the DSIN presented the Ministers for Industry and the Environment with a report summarising the results of the technical examinations and public inquiries carried out. The DSIN concluded that two sites, in Meuse (Eastern France) and Gard (southern France) sites, seemed the most suitable for the installation of an underground laboratory. It also drew attention to the urgency of installing these laboratories as soon as possible in order to be able to present research results to the Parliament by 2006, as determined by the 1991 law.

On February 2, 1998, the Government requested the National Assessment Commission (CNE), entrusted with following application of the law of December 30, 1991, to give its opinion, before the end of the first half of 1998, on proceedings concerning storage reversibility and the means to attain it.

After having heard those concerned by the law of 1991, on July 7, 1998, the CNE presented the Government with a report entitled "Views on storage reversibility".

Throughout 1998, in co-operation with all the ministers concerned, the Safety Authority continued to prepare the draft decrees authorising the ANDRA to install and operate underground laboratories.

On December 9, 1998, the Government decided that two underground laboratories for the study of radioactive waste storage should be installed, one in a clay formation at Bure in the Meuse and the other in granite on a site yet to be found. The authorisation decree for the installation and operation of a laboratory on the Bure site was signed on August 3, 1999. On the same day were also signed the decree defining the composition of the CLIS (local information and follow-up commit tee), set up by article 14 of the law of December 30, 1991 to follow the operations taking place on the sites selected for the underground laboratories.

At the same time, further to the recommendations of the Advisory Committee for waste expressed on April8, 1997, the Safety Authority ensured in 1998 and 1999 that the ANDRA continued the necessary discussions on the most suitable deep repository concepts, whilst bearing in mind the necessity for convincing safety provisions. The latter point raises difficult questions, such as the integration of uncertainties associated with the time scales involved or the inclusion of relevant radiation protection measures. Similar discussions have already taken place in several other countries.

At the request of the Safety Authority, the ANDRA submitted in July 1998 its first dossier concerning initial design options for a deep geological repository. Dossiers presenting the geological reference system, the safety approach and the research programme objectives were transmitted in 1999. These documents have been examined by the Advisory Commit tee for waste in 2000. 

Finally, in 1998 the Safety Authority entrusted the CETEN-APAVE with an audit on the organisation and quality system set up by the ANDRA concerning the projects for underground laboratories and the storage of long-lived, high level waste in deep geological formations (HAVL project). The conclusions of this audit, presented to the ANDRA on July 23, 1999, indicate that the ANDRA must work more closely on its development plan for the HAVL project with monitoring and supervision organisations. This .plan is an essential tool, from both internal and external standpoints, for both definition of objectives and carrying out of the work prescribed and for ensuring full understanding of the project The Advisory Commit tee for waste examined this development plan on November 5, 1999.

c) Waste packaging and long-term storage

Further to the ministerial meeting on February 2, 1998, the Government requested the CEA to provide, before the end of the year, a report on the concept, interest and feasibility of a sub-surface repository, indicating where appropriate related technical, scientific and legal feasibility problems. On November 17, 1998, the CEA submitted its report, which highlights the interest of sub-surface repositories in place of surface repositories, and draws up an initial list of required studies.

On April 7, 1999, the Government requested the CEA to define and implement a research programme designed to prepare by 2000 a certain number of subsurface repository proposals and to pursue this research with a view to finalising by 2002 summary preliminary projects, so that a decision could be made, if required, on the construction of such a repository, as from 2006.

In this framework, in the second half of 1999, the Safety Authority initiated. an interaction process with the CEA with a view to ensuring that all relevant safety aspects would be correctly taken into account from the initial design stage of this long-term repository.

As regards waste treatment and packaging, studies are proceeding at the CEA to optimise existing processes or develop new ones.

The Safety Authority ensures that such research work and the operation of new installations take place under satisfactory safety conditions.

PROSPECTS
The public expects from the operators reliable, transparent and stringent management of waste from nuclear facilities, such as to ensure the protection of people, to preserve the environment and mitigate resulting constraints for future generations. For the Safety Authority, entrusted with supervising the nuclear operators, this management involves responsibility for all categories of waste produced. It consequently ensures the development of well controlled, supervised disposal or revalorization channels, taking into account the radiological, but also chemical and biological hazards presented by these wastes.

Intensive research for definitive solutions as to management of waste where no relevant disposal channel has so far been proposed must continue. This is an essential requirement, in that the interim storage installations, some of which are aging, are designed only for waste storage for limited periods of time. 

It is thus important to respect the time limits and main lines prescribed by law 91-1381 of December 31, 1991 concerning research on long-lived, high-level waste. Must also be developed the various storage arrangements in preparation for tritiated waste, for waste containing graphite or radium and for VLL wastes. The Safety Authority obviously ascertains that these different projects provide a credible and acceptable solution with regard to safety in the long term.

The development in 2000 of "waste surveys" for each site and the issue of periodic waste management reports should allow the waste producers to enter into a steady progress commitment and the Safety Authority to improve its overall perception of the channels with a view to further enhancing their supervision.

� German title: “Umweltradioaktivität und Strahlenbelastung”


� German title: “Fische und Produkte des Meeres und der Binnengewässer”


� German title: “Gesetz zum vorsorgenden Schutz der Bevölkerung gegen Strahlenbelastung (StrVG)”


� The data in Tables 1, 3 and 4 are based on pool samples of about 1 kg each. The data in Table 2 are based on pool samples > 1 kg.






