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Preface


A  new,  comprehensive  national  programme  for  monitoring  of  Radioactivity  in  the  Marine  Environment
 (RAME)  was  established  in  1999.  This  program  is  based  on  a  proposal  developed  by  the  Norwegian
 Radiation  Protection  Authority  (NRPA),  the  Institute  of  Marine  Research  (IMR),  the  Directorate  for
 Nature  Conservation  (DN)  and  the  State  pollution  authorities  (SFT)  on  behalf  of  the  Ministry  of
 Environment.  NRPA,  as  the  responsible  authority  on  radiation  protection,  co-ordinates  the  programme
 whilst sampling at sea is conducted in close co-operation with IMR as part of the regular monitoring of
 the marine environment and its living resources. The principal objective of the programme is to document
 levels, distributions and trends of anthropogenic and naturally occurring radionuclides in the North Sea,
 the Norwegian Sea, the Barents Sea and along the Norwegian coast. The programme also collects updated
 information  on  both  Norwegian  and  other  sources  of  radioactive  contamination,  and  carries  out  assess-
 ments of radiation exposures of humans and biota. 


This new national monitoring programme has been co-ordinated with existing programmes funded by the
 Ministry of Fisheries. The monitoring programme for Marine Fish and Seafood was established in 1994.


In previous reports from the programme established in 1994, (Sickel et al, 1995; Brungot et al, 1997, 1999)
 information regarding radioactivity in sea water, sediments and seaweed was included. However, the main
 purpose  of  this  program  is  to  document  levels  of  anthropogenic  radionuclides  in  fish  and  other  seafood
 caught in Norwegian waters. This information is then made available to the relevant authorities, fishing
 industries and the general public as documentation regarding the quality of the marine products.  The work
 in this programme is performed as a co-operation between the NRPA and the Directorate of Fisheries. In
 addition, results from the monitoring program conducted by the National Food Control Authority are also
 included in the present report.


The authors that have prepared the report are indicated at the start of each chapter. 


Several institutions have collected samples and analysed results for the coordinated monitoring program-
 me. They are, the Norwegian Radiation Protection Authority (including the environmental unit in Tromsø),
 the Institute of Marine Research, Institute for Energy Technology, the Directorate of Fisheries (including
 the local office in Tromsø) and the Norwegian Food Control Authority (local office in Salten).  


Appendix 1 gives general information about radionuclide analysis and provides details of analytical met-
hods employed by each institution. 
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1. Introduction


The issue of actual and potential radioactive conta-
 mination  in  the  marine  environment  has  received
 substantial attention in Norway in recent years. In
 the  late  nineteen-eighties  several  accidents  and
 incidents  involving  nuclear  powered  submarines,
 demonstrated that the risk of releases of radionucli-
 des into the Barents Sea should be considered more
 carefully. In particular, it was soon evident that bet-
 ter  documentation  concerning  the  radioactivity
 levels  in  fish  and  other  seafood  was  important  for
 the  seafood  export  industries.  Furthermore,  in  the
 early nineteen-nineties, information concerning the
 dumping  of  nuclear  waste  emerged  through  the
 bilateral  environmental  co-operation  between
 Norway  and  Russia.  In  the  years  that  followed,
 concern  grew  regarding  the  safety  of  military  and
 civil  nuclear  installations  in  the  northwest  of
 Russia. This concern was associated not only with
 possible reactor accidents but also with prolonged
 or sudden release of radionuclides from radioactive
 waste facilities.


In  addition  to  the  potential  threats  outlined  above
 radionuclides  originating  from  nuclear  weapons
 fallout,  the  Chernobyl  accident  and  discharges
 from  European  reprocessing  facilities  have  been
 detected in the Norwegian marine environment. In
 1994 and 1995, discharges of 99Tc from the repro-
 cessing  facilities  at  Sellafield  in  the  United
 Kingdom  increased  sharply.  There  were  public
 concerns about the consequences of such releases,
 because  the  radionuclides  discharged  to  the  Irish
 Sea have been transported by ocean currents via the
 North Sea into the   Norwegian coastal current and
 the Barents Sea. In response to such concerns, pro-
 grammes  for  monitoring  of  radioactivity  in  the
 marine  environment  were  established.  Due  to  the
 economic importance of the fishing industry and its
 vulnerability  to  any  rumours  of  radioactive  conta-
 mination, one of the main objectives is to document
 levels and trends of radionuclides in the Norwegian
 marine environment.


Human activities, such as mining and oil producti-
 on  may  also  affect  the  discharges  of  natural
 radionuclides (UNSCEAR, 1993, 1996, 2000) to sea.


In Norway there are currently two monitoring pro-
 grammes  concerned  with  radioactivity  in  the 


marine  environment,  both  co-ordinated  by  the
 Norwegian  Radiation  Protection  Authority
 (NRPA).  One  is  funded  by  the  Ministry  of
 Environment  and  the  other  by  the  Ministry  of
 Fisheries.  Results  of  both  these  programmes  are
 presented in this report. In addition, data from the
 Food  Control  Authorities  monitoring  programme
 that is concerned with radioactivity in marine fish
 have been included.


The  marine  monitoring  programmes  include  the
 collection of discharge data from Norwegian sour-
 ces  in  addition  to  the  collection  of  data  that  are
 concerned  with  the  long-range  transport  of  radio-
 nuclides  from  various  sources.  Liquid  discharge
 data for 1999 from nuclear installations and recent
 trends  in  such  discharges  have  been  summarised,
 together with the available information concerning
 nuclear  weapons  fallout  and  outflow  of 137Cs  of
 Chernobyl origin from the Baltic Sea. 


In addition, data from 1996 regarding the dischar-
 ges  of  technologically  enhanced  naturally
 occurring radionuclides (TENORM) in production
 water from the North Sea oil and gas industry have
 been  included.  The  natural  and  anthropogenic
 radionuclides carried by rivers, sediment and water
 into the sea have not been studied in 1999, but may
 be  included  in  the  monitoring  programme  in  the
 future.


In 1999 samples were collected for the monitoring
 programme  in  the  Barents  Sea,  the  North  Sea,  12
 coastal  stations  including  Svalbard  and  11  fjords.


In  addition,  control  samples  were  collected    in
 Nitelva  near  the  outlet  of  discharges  from  the
 nuclear  facilities  of  the  Institute  for  Energy
 Technology (IFE) at Kjeller. The results of the ana-
 lysis of the samples are presented and discussed in
 chapters 4, 5 and 6.


Work  is  also  continuing  to  improve  consequence
 assessment  models  for  calculation  of  radiation
 doses  to  humans  and  marine  biota,  and  to  obtain
 better  empirical  values  for  the  model  parameters.


The results obtained are described in chapter 7. 


In chapter 8, a summary of the findings in 1999 and
conclusions are given. In the appendix 1, technical
information  regarding  sample  preparation  techni-
ques  and  analysis  methods  employed  in  the
laboratories are given.
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2. Sources of radionuclides  in the marine environment 


Anne Liv Rudjord, Anne Lene Brungot, 
 Terje Strand, Norwegian Radiation Protection
 Authority (NRPA).


This  chapter  provides  updated  information  and  an
 overview  of  radionuclide  discharges  and  other
 sources  that  are  relevant  to  the  Norwegian  marine
 environment.  The  collection  and  updating  of  this
 information  is  an  integrated  part  of  the  marine
 monitoring program RAME, and the main purpose
 is to present recent trends in radionuclide dischar-
 ges and other sources of radioactivity in the marine
 environment.  Information  on  discharges  from
 Norwegian sources and on long-range transport of
 radionuclides from various sources is included.  


The  largest  Norwegian  sources  of  anthropogenic
 radionuclide discharges in terms of radiation doses
 to  the  public  are  the  nuclear  facilities  of  the
 Institute for Energy Technology (IFE). These faci-
 lities  have  discharge  authorisations  issued  by  the
 Norwegian  Radiation  Protection  Authority
 (NRPA).  Unsealed  radioactive  materials  used  in
 medicine and science will primarily be released to
 the  marine  environment  via  the  sewage  treatment
 plants. The utilisation of such open sources is regu-
 lated through guidelines issued by the NRPA.  


In recent years, increased attention has been paid to
 releases  containing  elevated  levels  of  naturally
 occurring radionuclides. Such releases occur due to
 offshore  oil  production  and  probably,  due  to  the
 leaching of mine tailings. 


The  discharges  of  radionuclides  from  Norwegian
 sources  are  only  detectable  in  the  local  environ-
 ment,  near  the  discharge  points.  The  long-range
 transport of radionuclides originating from nuclear
 weapons  fallout,  reprocessing  of  nuclear  fuel  and
 from the Chernobyl accident are still the main con-
 tributors  to  the  general  levels  of  anthropogenic
 radionuclides  found  in  Norwegian  waters.    In
 Nitelva,  the  main  source  of  radionuclide  contami-
 nation  is  early  discharges  from  the  Institute  for
 Energy Technology at Kjeller.


2.1  Discharges of anthropogenic 
 radionuclides from Norwegian 
 Sources 


2.1.1  Institute for Energy Technology (IFE) 
 and Isopharma, Kjeller


This  nuclear  site  is  located  about  20  km  north  of
 Oslo.  The  facilities  include  a  heavy  water  cooled
 and moderated research reactor with thermal effect
 2 MW, JEEP II, a metallurgical laboratory, produc-
 tion facilities of medical radioactive isotopes, and a
 radioactive waste treatment plant for low-level and
 intermediate-level waste (LLW and ILW).


The liquid LLW originates from these facilities. It
 is then transported through special pipelines to the
 Radwaste  Plant.  The  plant  has  a  system  of  large
 tanks for storage of liquid waste, as well as faciliti-
 es  for  filtration  and  purification  of  the  wastewater
 by  ion-exchange  and  evaporation.  The  short-lived
 radionuclides are normally allowed to decay signi-
 ficantly prior to discharge.


Liquid effluent is discharged through a designated
 pipeline to the river Nitelva about 100 km from the
 sea. The river, which has an annual mean flow rate
 of  5  m3/second,  empties  into  Lake  Øyeren  where
 the water is mixed with the water from the Glomma
 river  which  has  an  annual  mean  flow  rate  of  400
 m3/second.  The  river  Glomma  empties  into  the
 Oslo Fjord at Fredrikstad City.


A  plant  manufactering  radiopharmaceutical  pro-
 ducts, managed by the private company, Isopharma
 AS,  is  operating  in  close  collaboration  with  IFE.


The release authorisation for IFE also includes the
 releases from this production facility. 


The  discharge  limit  authorised  by  the  Norwegian
 Radiation Protection Authority (NRPA) is based on
 the annual dose to any member of a critical group
 of the population along the Nitelva River, and shall
 not exceed 1 µSv.


Each  year,  IFE  reports  discharge  data,  results  of
their environmental monitoring programme and cal-
culations  of  effective  doses  resulting  from
discharges,  to  the  Norwegian  Radiation  Protection
Authority  (IFE, 2000).  The reported discharges for
the period 1994-1999 are summarised in Table 2.1.



(6)Table 2.1: Liquid discharges from IFE, Kjeller 1994-1999


Table 2.2 Effective doses to the critical group from river.


water exposure pathways as reported by IFE Kjeller


Effective  doses  have  been  calculated  by  IFE  for  a
 hypothetical critical group exposed through annual
 consumption of 20 kg of fish from the river and 100
 hours/year  occupancy  on  the  riverbanks.  In  1999,
 the  calculated  effective  dose  to  this  critical  group
 was 0.53 µSv, corresponding to 53 % of the annual
 dose  constraint. The  total  annual  discharge  varies,
 as shown in Table 2.2, corresponding to between 10
 and 70 % of the dose constraint, with an average of
 about 30 % for the years 1994-99. 


2.1.2  Contamination of Nitelva sediments 
 due to early discharges from 
 IFE Kjeller


Nuclear activities began at IFE Kjeller in 1951 with
 the start-up of the first research reactor, “JEEP  1”.


Since 1952, radionuclides have been produced and
 this  has  been  the  main  source  of  discharges 
 of  the  short-lived  radionuclide 131I. A  new  reactor
 (“NORA”)  was  in  operation  between  1961-1968.


At the same time, an experimental plant for purifi-
 cation  of  uranium  was  in  operation.  During  the
 decommissioning of the purification plant, dischar-
 ges  of  plutonium  and  americium  increased
 considerably.  However,  the  discharges  were  still
 within the limits that existed at that time. 


The available information regarding early dischar-
 ges  has  been  collected  in  a  report  at  NRPA.


(NRPA, 1999:11). Discharge data exists in reports
 from  1964  onwards,  when  the  first  discharge  aut-
 horisation  was  issued.  Before  1967,  liquid  waste
 was released through the sewage pipeline to Sogna,
 a branch of the Nitelva river with low circulation of
 river  water.  In  1967,  a  new  pipeline  (the  NALFA-
 pipeline)  was  constructed,  releasing  waste  water
 near  Nybrua  in  Lillestrøm  (Figure  2.1).  The  dis-
 charge history of the IFE Kjeller facilities is shown
 in Figure 2.2 and Figure 2.3.


Discharges of plutonium peaked in 1969, due to the
 decommissioning of the uranium purification plant.


In  1971,  the  IFE  conducted  an  investigation  into
 the  contamination  of  Nitelva  sediments.


Radioactive material was found to be concentrated
 in an area of about 200 m2close to the outlet of the
 NALFA pipeline.  Plutonium concentrations up to
 2.3 MBq kg-1were found.  In 1974, the IFE remo-
 ved  1800  kg  of  contaminated  sediment.  It  was
 assumed that the plutonium concentration was now
 below  about  7.4  kBq  kg-1 and  in  the  following
 years, the internal monitoring program of IFE sho-
 wed only relatively low levels of contamination in
 surface  sediments.  However,  in  1996,  when  a 
 survey of deep sediments was performed, concen-
 trations  of  plutonium  of  up  to  2,0  MBq  kg-1 were
 found. These high levels of plutonium contaminati-
 on were of great concern for the NRPA. The water
 level of Nitelva is regulated, but varies substantial-
 ly through the year, particularly during the spring,
 when the water level may be lowered to avoid flo-


SITE Radionuclides MBq 1994 MBq 1995 MBq 1996  MBq 1997 MBq 1998 MBq 1999
 Cs-137


Cs-134
 I-131 
 I-125
 Gd-153
 Zn-65
 Co-60
 S-35
 Sr-90
 Pu-239,40
 H-3


99.6
 6.4
 7.1
 46.3
 0.3
 3.9
 27.6
 369
 5.9
 0.102
 3.27E+5


112
 2.5
 209
 249
 -
 4.2
 40.9
 690
 12.1
 1.0
 3.06E+5


80
 1.7
 1.41E+3
 760
 -
 273
 106
 695
 12.2
 0.782
 7.23E+5


21
 2.7
 74
 117
 -
 15
 16
 820
 4.6
 0.15
 0.11E+5


110
 5.0
 350
 190
 0.87
 11
 280
 81
 0.11
 1.52E+5


30
 1.9
 1.35E+3
 182
 0.75
 6.9
 18.5
 161
 0.016
 0.85E+5
 Institute


for Energy
 Technology
 Kjeller


1994 1995 1996 1997 1998 1999


0.12 0.23 0.71 0.06 0.24 0.53


Effective dose (µSv)



(7)oding as a result of snow melting. In such situati-
 ons,  the  contaminated  sediments  may  be  exposed
 and available to the public. As a result, the Ministry
 of Health and Social affairs requested a report from
 the  NRPA  regarding  the  radioactive  discharges
 from  IFE  Kjeller  from  1948  to  1999  (NRPA,
 1999:11). In 1999, the NRPA also decided to col-
 lect  additional  samples  in  Nitelva  as  part  of  the
 national  monitoring  program.  The  results  of  the
 measurements  of  surface  sediment  samples  are
 given in chapter 4. 


Fig. 2.1 Map  showing  discharge  pipelines    from  IFE
 Kjeller  facilities.  The  old  pipeline  was  used  until  1967.


The  NALFA pipeline  was  used  until  1999.  In  the  year
 2000,  the  outlet  for  discharges  was  moved  and  part  of
 the NALFA pipeline is no longer used.  


Fig.  2.2      Total  discharges  from  IFE  Kjeller  1962-  1997
 estimated  on  the  basis  of  gross  alpha  and  gross  beta
 measurements.  After  1983,  the  discharges  have  been
 calculated as the sum of the activities of individual radio-
 nuclides. 


Fig. 2.3 Discharges  of  plutonium  from  IFE  Kjeller
 1963-1997.  The  levels  of  plutonium  discharges  in  the
 period  1963-78  have  been  estimated  on  the  basis  of
 gross alpha measurements. 


In February 2000, the NRPA decided that all sedi-
 ments  with  summed  concentrations  of  plutonium
 and  americium  in  excess  of  10  Bq  g-1 had  to  be
 removed.  In  a  clean-up  operation  in April  2000,  a
 total  of  181  m3 of  contaminated  sediments  were
 removed  by  IFE.  Later  the  NALFA  pipeline  was
 replaced with a new pipeline, where the wastewater
 was released to the free water masses midstream.


2.1.3   Institute for Energy Technology
 OECD Halden Reactor Project


Halden Boiling Water Reactor (HBWR) is located
 in the town of Halden, in the south-east of Norway,
 close to the Swedish border. The HBWR is heavy
 water  cooled  and  moderated  and  has  three  main
 systems: the primary system (heavy water) and two
 light water heat removal systems where the secon-
 dary  system  is  a  closed  loop  system.  The  reactor
 was commissioned in 1959.


Liquid  waste  destined  for  disposal  is  retained  and
 cleaned, with the help of ion-exchange columns, to
 a level considered acceptable for release, relative to
 the applicable release limits. The water flows to a
 10m3delay tank that has a constant water level of 
 5 m3. Activity control is performed continuously on
 the water leaving the delay tank to the sewage system.


In  the  case  of  abnormally  high  water  activity,  a
 main outlet valve will close automatically and the
 water  is  collected  in  the  three  delay  tanks  (total
 volume 30 m3).  If necessary, an additional 80 m3 of
 water can be pumped in to a pit in the reactor hall,
 thus  providing  a  storage  capacity  of  110m3.  This
 water can then be cycled through a clean-up system
 with  a  particle  filter  and  anion-exchange  column,
 before release.


Total discharge MBq Pu total discharge MBq



(8)Liquid effluent was supposed to be released to the
 river Tista, which discharges into Iddefjord, leading
 to Skagerrak.  However in May 2000, it was disco-
 vered  that  the  discharges  were  actually  directed  to
 the  local  sewage  system  plant  from  1992  to  2000.


This  plant  in  turn  discharges  treated  water  to
 Iddefjorden. The consequence for the marine envi-
 ronment  was  in  fact  a  slightly  reduced  discharge
 because  some  radionuclides  were  retained  in  the
 sewage sludge.  This issue will be discussed in more
 detail in the monitoring report for the year 2000.


The discharge authorisation limits the exposure of
 critical  groups  from  liquid  discharges  to  1  micro
 Sievert per year.  In Table 2.3 the liquid discharges
 from the period 1994-1999 reported by IFE Halden
 are listed. 


The critical group is hypothetical and only defined
 by  their  food  consumption  and  living  habits.   The
 calculation of effective dose to the critical group is
 based on:


• Annual consumption of 30kg fish from the fjord


• 200 hours/year occupancy on the fjord beaches


• 50 hours/year bathing in the fjord


• 1000 hours/year of boating on the fjord


In Table 2.4 the doses to the critical group as cal-
 culated by IFE are listed.


Table 2.3  Annual liquid discharges 1994-1999, IFE Halden


2.2    Unsealed radioactive substances in 
 medicine, research and industry


Unsealed radioactive substances are used in hospi-
 tals,  research  laboratories  and  various  industrial
 activities.


According  to  regulations  from  1981,  laboratories
 etc. handling unsealed radioactive substances must
 be  authorised  by  the  Norwegian  Radiation
 Protection  Authority.  Given  this  authorisation,
 laboratories and hospitals are allowed to discharge
 activity into the sewage system according to prede-
 fined limits. The present regulations are now under
 revision.   


Unsealed  radioactive  substances  used  in  medicine
 dominate the anthropogenic radioactive discharges
 to  the  sewage  system.  Radioactive  solutions  are
 given to patients for diagnostic and therapeutic pur-
 poses,  and  enter  the  sewage  systems  mainly  by
 excretion of urine and faeces. 


For some tracer experiments in offshore oil indus-
 try,  tritium  (3H)  is  injected  into  formations  or
 drilled wells, and a fraction of this will be recove-
 red.    Water-based  material  is  discharged  to  sea
 whereas mud-containing oil must be stored. 


SITE Radionuclides MBq 1994 MBq 1995 MBq 1996  MBq 1997 MBq 1998 MBq 1999


Cs-137
 Co-60
 Cs-134
 H-3
 Co-58
 Nb-95
 Cr-51
 Mn-54
 Zr-95
 Sb-124
 Sb-125
 Ag-110m
 Ru-106
 I-131 
 Ce-144
 Mn-56


130
 960
 10
 330.000
 200
 200
 660
 2
 20
 7


850
 540
 93
 430.000
 24
 32
 86
 2
 3
 4
 7


530
 140
 51
 371.000
 18
 9
 240
 1


1
 7.5
 1.8
 4.8


250
 260
 29
 336.000
 37
 53
 540
 5.4
 24
 4.9
 110


31


410
 220
 28
 894.000
 22
 20
 330
 6
 7.6
 4.4
 1.4


18
 2.7


530
 380
 29
 671.000
 19
 60
 240
 5.6
 14
 39


6.5
 8.3
 Institute


for Energy
 Technology


Halden
 Reactor
 Project


Table 2.4  Average annual effective dose from marine exposure pathways as reported by IFE Halden


1994 1995 1996 1997 1998 1999


0.19 0.11 0.04 0.06 0.05 0.08


Effective dose (µSv)



(9)However,  for  the  consequence  assessments
 required  by  NRPA,  it  is  conservatively  assumed
 that all the 3H is discharged to the open sea. 


Releases of radionuclides used in research labora-
 tories  are  in  general  considered  less  important,
 partly  because  only  small  activity  quantities  are
 used and parts of the waste is collected and sent to
 the Institute for Energy technology (IFE) for stora-
 ge as radioactive waste. Furthermore, most of these
 radionuclides have short half-lives and the activity
 is rapidly reduced by storage.   


Exact data on the discharges from the above sources
 are  not  available,  however,  the  purchasers  of  open
 radioactive sources are required to report their sales
 to NRPA monthly, listing customers, types of radio-
 nuclides and quantity (activity) as an inventory.


In Table 2.5 the purchase of open radioactive sour-
 ces in Norway in 1999 is listed. As for the sales of


99mTc, it is important to consider the short half-life
 of this radionuclide, and a large fraction will decay
 before it is even used.  


Table  2.5  Unsealed  radioactive  sources  purchased  in
 Norway 1999. Only radionuclides where the total activity
 exceeds 1 GBq have been included in the table.


In  a  survey  of  man-made  radionuclides  in  sewage
 sludge  and  wastewater  in  1995-1996  at  a  sewage
 treatment plant near Oslo, iodine (131I) was detected
 in  most  samples,  whereas  chrome  (51Cr)  was  only
 detected in low quantities in sewage sludge.  On the
 basis of the radioactivity measurements it was esti-
 mated  that  the  annual  releases  of 131I  to  the  Oslo
 fjord from this plant was about 780 GBq. 


2.3  Technological enhanced naturally 
 occurring radioactive material 
 (TENORM)


All minerals and rocks in the earth’s crust contain
 small, but measurable amounts of naturally occur-
 ring  radioactive  materials  -  often  referred  to  as
 NORM.  NORM  includes  long-lived  isotope  of
 potassium (40K), isotopes of uranium (mainly 238U)
 and thorium (mainly 232Th). 238U and 232Th are parent
 radionuclides of two natural radioactive decay seri-
 es.  Naturally  occurring  radionuclides  are  released
 to the marine environment by natural processes like
 erosion  for  instance  carried  by  river  sediments,
 other particles, or dissolved in river water.


In certain industrial or other technological proces-
 ses  naturally  occurring  radionuclides  can  be
 concentrated  to  levels  orders  of  magnitude  higher
 than normally found in nature. In Norway, there are
 two  main  processes  where  technologically  enhan-
 ced  concentrations  of  naturally  occurring
 radioactive  material  (TENORM)  can  be  regarded
 as a discharge or leakage of radionuclides into the
 marine environment:  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
 for mine tailings from 2002.  


2.3.1  TENORM in oil and gas production 
 in Norway


Two isotopes in the uranium and thorium series are
 important in relation to water discharges and radio-
 active deposits in oil and gas production - namely
 radium (226Ra and 228Ra.).


The  occurrence  of  natural  radionuclides  in  North
 Sea oil and gas production were first discovered in
 1981, and enhanced levels of radioactivity are now
 found  in  the  production  system  of  several  North
 Sea oil fields (Strand et al, 1997). The activity con-
 centrations range from background level to several
 hundred  Bq  g-1 of 226Ra  (Smith,  1987).  Doses  to
 workers involved in handling contaminated equip-
 ment  or  waste  are  usually  low,  but  the  main
 problems  related  to  radioactive  deposits  are  waste
 disposal and discharges of produced water.


Radionuclide Half-life Activity purcha-
 sed in Norway 
 1999 (GBq)
 Mo-99/Tc-99m


I-131
 In-111
 Cr-51
 Ga-67
 C-14
 Xe-133
 I-125
 P-32
 H-3
 S-35


66h/6h
 8d
 2.8d
 27.7d
 3.3d
 5.73E+3y
 5.3d
 60d
 14.3d
 12.3y
 87d


24,376
1,446
16.5
1.9
7.6
50.8
187.8
6.1
13.3
8.22
7.0



(10)When  oil  and  natural  gas  are  extracted  from  the
 ground they are accompanied by solids and forma-
 tion  water.  Under  certain  circumstances,  naturally
 radioactive salts that are dissolved in the formation
 water  will  precipitate  deposit  onto  the  inner  walls
 of production equipment as sulphate and carbonate
 scales. Particles of clay and sand co-produced from
 the  reservoir  may  also  act  as  surfaces  and  initiate
 scale deposition. 


Sea water is injected into the reservoir to maintain
 the  pressure  as  the  oil  is  removed.  Mixing  of  sea
 water  and  formation  water  creates  incompatible
 solutions, and sulphates (mainly BaSO4and SrSO4)
 are  precipitated.  The  dominating  radioactive  ele-
 ments  in  geologic  formations  in  the  sea  floor  are
 potassium  and  the  elements  in  the  uranium-  and
 thorium series. Radium exists in both series as 226Ra
 and 228Ra.  Radium,  under  certain  circumstances
 will leak from the formation and be dissolved in the
 formation water. Barium, strontium and radium are
 members  of  group  IIA  in  the  periodic  Table  and
 have  similar  chemical  properties.  Consequently
 radium  is  co-precipitated  with  barium  and  stron-
 tium  as  radium  sulphate  (RaSO4),  even  though  its
 solubility  product  is  not  exceeded. Turbulent  flow
 in the production system will then cause the preci-
 pitated sulphate salts to attach to the walls and form
 deposits  with  enhanced  levels  of  radioactivity.


These  deposits  are  often  referred  to  as  LSA  (Low
 Specific Activity) scale.


Generally, the activity concentrations of 226Ra, 228Ra
 and  decay  products  in  such  deposits  and  sludge
 may  vary  from  normal  levels  in  soils  and  rocks
 (less  than  0.1  Bq  g-1)  to  more  than  1000  Bq  g-1
 (Strand et al, 1997; Lysebo et al, 1997). 


Radioactive  deposits  represent  a  significant  waste
 problem for the oil industry. Since the problem was
 discovered  in  1981,  waste  from  the  cleaning  of
 contaminated equipment has been sent to a tempo-
 rary  storage  facility  at  Kjeller,  north  of  Oslo. The
 total amount of LSA scale waste stored at Kjeller is
 at present about 80 tonnes, with a mean activity of
 25 Bq g-1of 226Ra. The expected amount in the futu-
 re is 20 tonnes per year.


In 1995, a temporary exemption level of 10 Bq g-1
 of 226Ra  was  introduced  by  the  NRPA.  All  waste
 from the oil industry with activity above this level
 is  defined  as  “radioactive  waste”.  Originally,  this
 waste was to be sent to the national repository for
 final  storage.  It  has  now  become  clear  that  the


amounts of waste will exceed the amount expected
 when  planning  the  repository  and  the  authorities
 have decided that an alternative solution should be
 found.


2.3.2  Discharges of production water
 Most of the radioactivity from the reservoir is dis-
 solved  in  produced  water  and  discharged  into  the
 sea.  In  1996,  extensive  measurements  of  levels  of
 radioactivity  in  produced  water  and  deposits  were
 performed by NRPA for several North Sea installa-
 tions (Strand et al, 1997).  


The  samples  were  taken  from  11  production  units
 during normal operation and analysed at the NRPA. The
 results of the measurements are shown in Table 2.6.


Table 2.6  Activity concentration of 226Ra and 228Ra in pro-
 duction  water  from  11  installations  on  the  Norwegian
 continental shelf.


With reference to Table 2.6, 226Ra and 228Ra activity
 concentrations  appear  to  be  in  a  narrow  range: 


0.7 - 10.4 Bq l-1and 0.3 - 10.0 Bq l-1, respectively.


The mean concentration was 4.1 Bq l-1of 226Ra and
 2.1  Bq  l-1 of 228Ra.  This  is  approximately  three
 orders of magnitude higher than the mean concen-
 tration  in  sea  water  (IAEA,  1990).  The  highest
 single  measurement  of 226Ra  in  our  study  was 
 10.4 Bq l-1.  These results are comparable to activi-
 ty concentrations data for produced water in USA,
 Russia  and  Germany  (Snavely  1989  and  API,
 1991).


Large  amounts  of  production  water  are  released
 into  the  North  Sea  each  year.  A  total  volume  of 
 160 x 106 m3was released in 1991. Assuming that
 the  mean  radium  concentrations  of  production
 water in our study are representative values for the
 oil production of the North Sea this would corres-


Installation


Statfjord A
 Statfjord A
 Statfjord B
 Statfjord B
 Statfjord C
 Statfjord C
 Gullfaks A
 Gullfaks B
 Gullfaks C
 Veslefrikk
 Sleipner A
 Oseberg
 Brage
 Valhall


Sampling Point


Flotation cell
 Degassing tank
 Flotation cell
 Degassing tank
 Flotation cell
 Degassing tank
 Flotation cell
 Flotation cell
 Flotation cell
 Degassing tank
 Degassing tank
 Degassing tank
 Degassing tank
 Valve


226Ra  (Bq l-1)


n.d.


n.d.


3.5 
 0.7 - 7.6
 1.9 - 2.5
 2.2
 n.d.


n.d.


1.3
 n.d.


2.5
 10.4
 7.7
 3.0 - 5.6


228Ra  (Bq l-1)


0.3 - 0.6
 0.5 -0.7
 1.5 - 4.2
 0.5 - 1.4
 1.7 - 2.1
 2.4 - 2.7
 1.3 - 2.0
 1.7 - 4.3
 0.5 - 1.8
 n.d.


1.1 - 3.3
10.0
7.8
0.8 - 1.1



(11)pond  to  a  total  release  of  6.6  x  1011 Bq  and 
 3.4 x 1011Bq for 226Ra and 228Ra respectively. It has
 been estimated that the release of production water
 will  increase  significantly  in  the  years  to  come
 owing to the fact that some of the larger production
 fields  will  reach  a  later  stage  in  the  production
 phase. It has been estimated that Norway contribu-
 tes 6 % of the total release, while Great Britain, the
 Netherlands  and  Denmark  contribute  88  %,  5  %
 and 1 % respectively (E & P Forum, 1993). 


Sometimes, deposition of scales may interfere with
 the  production  process  by  blocking  transport
 through the production zone, flow lines and produ-
 ced  water  lines.  Consequently,  the  oil  companies
 try  to  prevent  deposition  of  scales  through  the
 application  of  inhibitors.  The  scale  inhibitors  will
 prevent the deposition of radium salts in the system
 but will increase the concentration and the release
 of radioactivity in the produced water. These inhi-
 bitors  are  organic  compounds  and  they  may  also
 increase  the  biological  uptake  of  radioactivity  in
 marine ecosystems. There has been an increase in
 the  use  of  inhibitors  during  the  last  decade,  and
 owing to present and future demands to reduce the
 production costs, the increase in the use of inhibi-
 tors in the years to come may be significant.


2.4  Long-range transport 
 of radionuclides


There are several sources of radioactive contamina-
 tion  to  the  North  East  Atlantic  and  the  Arctic
 marine  environment. The  primary  sources  are  fal-
 lout  from  atmospheric  nuclear  weapons  testing,
 transport  of  discharged  radionuclides  from  repro-
 cessing  plants  and  fallout  from  the  Chernobyl
 accident.


In  addition,  there  are  several  sources  of  interest,
 which in the future may release radioactive conta-
 mination  into  the  marine  environment.  In  Figure
 2.4 the locality of actual and potential sources are
 shown.


Figure 2.5 shows the main features of the water cir-
 culation  of  the  North  Atlantic.    Discharges  of
 radionuclides  from  European  reprocessing  plants
 are transported from the Irish Sea and the English
 Channel via the North Sea and into the Norwegian
 Coastal  Current,  to  the  Barents  Sea  and  beyond.


Baltic  water  contaminated  with  fallout  from  the


Chernobyl  accident  flows  through  Kattegat  and
 enters  the  Norwegian  Coastal  Current  in  the
 Skagerrak area.


Fig.2.4  Sources  of  radionuclides  in  to  the  northern
 marine  environment:  Chernobyl  in  the  Ukraine,  the
 reprocessing  plants  at  Sellafield,  La  Hague  and
 Dounreay, the dumping sites of nuclear waste in the Kara
 Sea,  the  sunken  submarines  Komsomolets  and  Kursk
 and Russian nuclear installations (Mayak, Tomsk-7 and
 Krasjonoyarsk-26)  releasing  radionuclides  to  the
 Russian rivers Ob and Yenisey.


Fig. 2.5  The surface circulation pattern of the Northern
Seas (adapted from Aure et al. (1999)).



(12)2.4.1 Discharges of radionuclides from 
 European nuclear installations 
 For  decades,  authorised  discharges  from  nuclear
 reprocessing  facilities  in  Europe  have  been  an
 important source of anthropogenic radionuclides in
 Norwegian  coastal  areas.  These  facilities  include
 Sellafield in England, Dounreay in Scotland, and Cap
 De La Hague in France. Releases of radionuclides to
 the marine environment also occur from nuclear fuel
 fabrication plants and nuclear power stations.


A  nuclear  fuel  reprocessing  plant  recovers  spent
 nuclear  fuel  for  reuse  in  fission  reactors.  The
 remaining radionuclides are either stored pending a
 final  management  option  or  released  to  the  envi-
 ronment  (UNSCEAR,  1993).  Liquid  radioactive
 wastes  from  the  operation  of  these  plants  are  dis-
 charged  via  pipelines  directly  into  the  Irish  Sea,
 Scottish  coastal  waters  and  into  the  English
 Channel  respectively.  Soluble  radionuclides  from
 these  sources  are  subsequently  transported  further
 northwards with regional oceanic currents.


Sellafield has been the main contributor to radioac-
 tivity  releases  among  the  three  Western  European
 reprocessing  plants.  Maximum  discharges  of
 cesium (137Cs) and the actinides plutonium (239+240Pu)
 and  americum  (241Am)  from  Sellafield  occurred
 during  the  mid-late  1970s  (Gray  et  al.,1995).  The
 introduction  of  the  Site  Ion-Exchange  Effluent
 Plant  (SIXEP)  in  1985  subsequently  led  to  a  sub-
 stantial reduction in discharges of strontium (90Sr),


134Cs  and  137Cs  (Gray  et  al.,  1995).  Increased
 throughputs  and  processing  of  residues,  led  to
 increased  discharges  of  plutonium  and  americium
 during the early to mid 1970s. 


Throughout  the  1980s  and  early  1990s  (1981-
 1993),  technetium  (99Tc)  was  discharged  from
 Sellafield at a rate of 1.9-6.6 TBq per year. In 1994,
 the  Enhanced Actinide  Removal  Plant  (EARP)  at
 British  Nuclear  Fuel’s  (BNFL)  Sellafield  plant  in
 north  west  England  began  operations  to  treat  a
 backlog  of  stored  wastes  (Gray  et  al.,  1995). This
 resulted  in  a  step  increase  of 99Tc  from  a  level  of
 approximately 5 TBq a-1to a level of 72-190 TBq a-1
 in the period 1994-1996. In Figure 2.6 the dischar-
 ges  of 99Tc  from  Sellafield  from  the  fifties  to  the
 present day are shown. 


The  initial  impact,  in  terms  of  increased  activity
 levels in biota and sea water, of the higher 99Tc dis-
 charges from Sellafield was observable in Norwegian
 coastal environments by 1997 (Brown et al., 1999). 


Fig. 2.6  Annual discharges of 99Tc, 137Cs and 3H to the
 marine environment from Sellafield, Cape la Hague and
 Dounreay from the fifties and up to today, given  in TBq.


In Table  2.7  the  discharges  of  some  radionuclides
 in 1999 from Sellafield, Cap la Hague, Springfields
 and Dounreay are shown.


In Figure 2.6 the discharges to the marine environ-
ment  of 99Tc, 137Cs  and 3H  from  Cap  La  Hague,
Sellafield and Dounreay from the fifties to the pre-
sent  day  are  shown.  The  Figure  demostrate  that,
except for tritium, discharges from Cape la Hague
and  Dounreay  have  been  considerably  lower  than
Sellafield discharges most of the time. The radioto-
xicity  of  3H  is  very  low  and  the  radiological
importance  of  that  nuclide  is  much  less  than  for
other radionuclides. To some extent the tritium dis-
charges  can  be  regarded  as  an  indicator  of  the
amount of reprocessed spent nuclear fuel.



(13)Table 2.7 Discharges of liquid radioactive effluent from
 Sellafield,  La  Hague,  Springfields  and  Dounreay  to  the
 marine environment in 1999 (OSPAR 2001).


The  Dounreay  facilities  on  the  northern  coast  of
 Scotland were established in 1955, and have main-
 ly  been  used  in  the  development  of  technology  of
 fast  breeder  reactors.  Compared  with  the  dischar-
 ges  from  the  other  two  reprocessing  plants,  the
 discharges  to  the  marine  environment  are  small.


The amount of reprocessed nuclear fuel is also con-
 siderably lower.  


Springfields is located in the west coast of United
 Kingdom,  and  liquid  discharges  are  made  to  the
 Ribble  estuary.  This  facility  is  mainly  concerned
 with  the  manufacture  of  fuel  elements  for  nuclear
 reactors and the production of uranium hexafluori-
 de. The discharge of liquid radioactive waste from 
 Springfields  consists  mainly  of  thorium  and  ura-
 nium and their daughter products.  


In Tables 2.8 and 2.9 the total alpha and total beta
 discharges to the North East Atlantic Ocean in the
 period  1994-1999  from  different  types  of  nuclear
 installations  are
 shown  (OSPAR,
 2001).    The  dis-
 charges  of  alpha
 emitting radionu-
 clides  in  1994
 were  higher  than
 in  the  following
 years.  This  cor-
 responds  roughly
 to  the  reduction
 of  discharges
 from Sellafield in
 1994-1995 due to
 the  operation  of
 the  Enhanced 
 Actinide Removal
 Plant  (EARP). This  reduction  in  reprocessing  dis-
 charges  combined  with  a  slight  increase  in
 discharges  from  nuclear  fuel  fabrication  (mainly
 Springfields)  resulted  in  a  relative  contribution  of
 total alpha discharges of only 41.6% in 1999 com-
 pared  to  80.9  %  in  1994.   The  same  trend  can  be
 seen  for  total  beta  discharges: The  relative  contri-
 bution  of  reprocessing  discharges  were  reduced
 from 60.8 % in 1994 to 49.1% in 1999. 


Discharges from Research and Development facili-
 ties  have  been  reduced  by  roughly  an  order  of
 magnitude  in  the  six-year  period.  Nuclear  power
 stations  also  discharge  small  amounts  of  radionu-
 clides, but contributed at most a few percent of the
 total beta discharges. 


Location
 Discharges to
 Radionuclides
 Tritium
 Total-a
 Total-b
 Co-60
 Sr-90


(Sr-90+Cs-137)
 Tc-99


I-129
 Cs-134
 Cs-137
 Plutonium-α
 Pu-241
 Am-241
 Np-237


La Hague
 -English Channel


1.29E+4
 3.95E-2
 1.70E+3
 3.21E-1
 8.49E-1
 2.14E+0
 4.27E-1
 1.83E+0
 5.79E-2
 1.29E+0
 1.61E-2
 2.21E-1
 3.49E-3
 2.09E-4


Sellafield
 -Irish Sea


2.52E+3
 1.33E-1
 1.10E+2
 8.90E-1
 3.12E+1
 -
 6.88E+1
 4.85E-1
 3.39E-1
 9.11E+0
 1.15E-1
 2.87E+0
 3.49E-2
 -


Springfields
 -Irish Sea


-
 2.38E-1
 1.28E+2
 -
 -
 -
 3.87E-2
 -
 -
 -
 -
 -
 -
 3.00E-4


Dounreay
 -Scottish coastal
 waters


1.37E-1
 1.73E-3
 2.79E-1
 3.61E-3
 1.63E-1
 -
 -
 -
 -
 1.57E-1
 -
 8.67E-3
 -
 -
 Liquid discharges of radionuclides 1999 (TBq)


Table 2.8 Assessment of liquid radioactive discharges of total alfa from nuclear installations in 1999 (OSPAR, 2001)  


Total Alpha 1994 1995 1996  1997 1998 1999


1.36
 1.1
 80.9
 -
 -
 0.16
 11.8
 0.1
 7.3


0.68
 0.47
 69.1
 -
 -
 0.12
 17.6
 0.09
 13.3


0.57
 0.32
 56.1
 -
 -
 0.12
 21.1
 0.13
 22.8


0.38
 0.23
 60.5
 -
 -
 0.12
 31.6
 0.03
 7.9


0.43
 0.22
 51.2
 -
 -
 0.20
 46.5
 0.01
 2.3


0.42
 0.17
 41.6
 -
 -
 0.24
 57.7
 0.003
 0.7
 All Nuclear Installations (TBq)


Reprocessing Plants (TBq)


% of all installations
 Nuclear Power Plants (TBq)


% of all installations
 Nuclear Fuel Fabrication (TBq)


% of all installations
 Research & Development
 Facilities (TBq)


% of all installation



(14)In addition to the direct discharges from reproces-
 sing, remobilisation of cesium  and plutonium from
 contaminated  sediments  in  the  Irish  Sea  acts 
 as a secondary source of radionuclides to the mari-
 ne  environment.    Substantial  discharges  of   238Pu,


239,240


Pu, 241Am  and 137Cs  and  other  radionuclides  in
 the  seventies  and  early  eighties  resulted  in  wides-
 pread contamination of Irish Sea sediments. It has
 been  shown  that  these  radionuclides  can  be  redis-
 solved  and  transported  out  of  the  Irish  Sea.  An
 annual loss of  1.19 TBq 239,240Pu and 86 TBq 137Cs
 from the Irish Sea has been estimated by Cook et al
 (1997), while Leonard et al (1999) estimated annu-
 al  losses  of  plutonium  based  on  remobilisation
 from surface sediments to 0.59 TBq. The half-lives
 of plutonium and americium in Irish Sea sediments
 were  estimated  to  be  58  years  and  ~1000  years
 respectively.  It  has  therefore  been  concluded  that
 remobilisation of radionuclides from Irish Sea sedi-
 ments  is  a  major  source  of  anthropogenic
 radionuclides  to  the  North  Sea  and  Norwegian
 coastal areas, and will remain so for a long time.  


2.5 Fallout from atmospheric nuclear 
 weapons testing and the Chernobyl 
 accident  


2.5.1  Global fallout from nuclear 
 weapons testing


From a global perspective, the dominating radioac-
 tive contamination source is global fallout of debris 
 from the atmospheric nuclear bomb tests conducted
 in  different  parts  of  the  world  between  1945  and
 1980. In total, 520 atmospheric nuclear explosions 
 were carried out; the periods of the most intensive


testing  being  in  the  years  1952-1954,  1957-1958
 and  1961-1962  (UNSCEAR,  1993).  The  United
 States,  the  Soviet  Union,  the  United  Kingdom,
 France and the People’s Republic of China mainly
 conducted atmospheric nuclear weapons tests. The
 three major tests sites for atmospheric testing were
 Novaya  Zemlya  (Russia)  in  the Arctic  Ocean,  the
 Bikini  and  Eniwetok  Islands  (USA)  in  the  Pacific
 Ocean  and  the  Nevada  test  site  (USA)  (Strand  et
 al.,  1998).  It  is  assumed  that  12%  of  the  fallout 
 activity  has  been  deposited  close  to  the  test  site,
 10% has been deposited in a band around the earth
 at the latitude of the test site (tropospheric fallout)
 and 78% of the fallout activity has been spread over
 larger areas, mainly in the same hemisphere as the
 test  site  (UNSCEAR,  1993).  Since  most  of  the
 weapons  tests  were  carried  out  in  the  northern
 hemisphere,  the  largest  radioactive  contamination
 is found there. These weapons tests have contribu-
 ted to an overall background contamination level of
 long-lived  fission  products  and  transuranics  in  the
 northern  marine  environment.  In  terms  of  specific
 radionuclide  releases,  some  600  PBq 90Sr  were
 released  in  the  period  1952-1962  compared  to  a
 910 PBq release of 137Cs (Balonov, 1997).


2.5.2  Outflow of Chernobyl fallout 


radionuclides from the Baltic Sea to 
 the Norwegian Coastal Current
 The accident at the Chernobyl nuclear power plant
 April  26,  1986,  resulted  in  large-scale  fallout  in
 Europe. The accident was a consequence of uncon-
 trolled  fission  in  the  reactor,  followed  by  a
 powerful explosion and fire. The radioactive mate-
 rials released were transported by air currents in the
 form  of  gases  and  dust  particles.  The  prevailing


Table 2.9 Assessment of liquid radioactive discharges of total beta from nuclear installations in 1999 (OSPAR, 2001) 


Total Beta (excluding Tritium for NPP) 1994 1995 1996  1997 1998 1999


321
 195
 60.8
 2.8
 0.9
 114
 35.5
 9.1
 2.8


365
 243
 66.5
 3.4
 0.9
 112
 30.7
 7.0
 1.9


332
 169
 50.9
 5.2
 1.6
 150
 45.1
 8.1
 2.4


315
 167
 53.0
 7.4
 2.3
 140
 44.4
 1
 0.3


265
 112
 42.4
 2.0
 0.8
 150
 56.6
 0.66
 0.2


256
 126
 49.1
 2.0
 0.7
 128
 50.0
 0.36
 0.1
 All Nuclear Installations (TBq)


Reprocessing Plants (TBq)


% of all installations
 Nuclear Power Plants (TBq)


% of all installations
 Nuclear Fuel Fabrication (TBq)


% of all installations
 Research & Development
 Facilities (TBq)


% of all installations



(15)meteorological  conditions  at  the  time  of  the  acci-
 dent resulted in considerable radioactive fallout in
 Norway and Sweden. 


Outflow  of  water  from  the  Baltic  Sea  through
 Skagerrak  is  one  of  the  major  sources  of  radionu-
 clides to the Norwegian coastal current and further
 into Arctic waters. According to Josefsson (1998),
 more than 90% of the net outflow of 137Cs from the
 Baltic Sea originates from the Chernobyl accident.


The  relatively  high  concentration  of 137Cs  in  the
 water  masses  of  the  Baltic  Sea  is  partly  due  to
 runoff  from  the  Baltic  drainage  area.  The  general
 circulation pattern in the Skagerrak/Kattegat area is
 anticlockwise (Figure 2.5). The Baltic current car-
 ries  the  brackish  surface  waters  out  of  the  Baltic
 Sea  and  into  the  Skagerrak  where  it  enters  the
 Norwegian Coastal Current.  


Higher  salinity  water  enter  the  Baltic  through  a
 subsurface  current  from  Skagerrak.  Radionuclides
 released  from  La  Hague  and  Sellafield  are  trans-
 ported  by  this  current  into  the  Kattegat,  where
 mixing with Baltic water occurs. The rate of water
 exchange  between  Skagerrak  and  the  Baltic
 depends  on  weather  conditions,  and  is  subject  to
 strong seasonal variations. Events of major inflows
 of saline waters to the Baltic can take place under
 specific  weather  conditions.  Such  an  event  occur-
 red  most  recently  in  January  1993,  leading  to  a
 correspondingly high outflow to Skagerrak. 


Fig. 2.7  Model calculations of  137Cs fluxes into and out
 of the Baltic Sea (Nielsen et al, 2000).


The net outflow of cesium from the Baltic Sea was
 estimated based on the observed concentrations of


137Cs  and  estimates  of  the  average  water  exchange
 between  Kattegat  and  Skagerrak.  Based  on  the
 parameter  values  given  in  a  box  model  (Helcom,
 1995), and the average values of 137Cs in the North
 Sea and in the Kattegat area, an outflow of 137Cs of


100 TBq/year has been estimated for the year 1997
 (Rudjord et al, 1999).  This is an order of magnitu-
 de  higher  than  reprocessing  discharges,  and
 comparable  to  the  estimates  for  remobilised 137Cs
 for the Irish Sea. It should be emphasised however,
 that the calculation is based on activity concentra-
 tions  in  surface  water  from  a  single  sampling
 campaign  only  therefore  the    values  may  not  be
 representative  for  average  concentrations  of  these
 water masses over a one-year period.  In Figure 2.7,
 model calculations of the of 137Cs fluxes as functi-
 ons  of  time  are  shown  (Nielsen  et  al,  2000).  For
 1999, the model calculations gave an influx to the
 Baltic Sea of 5 TBq and outflow of 28 TBq 137Cs.  


2.6 Other actual and potential sources of
 radioactivity to the northern marine 
 environment


In  addition  to  discharges  from  the  western
 European  reprocessing  plants,  northern  marine
 waters  have  also  received  an  input  of  different
 radionuclides  from  Russian  reprocessing  plants
 situated in the tributaries of the Russian rivers Ob
 and Yenisey (see Figure 2.4). These are the Mayak
 Production Association  in  the  southern  Urals,  the
 Siberian  Chemical  Combine  (Tomsk-7)  north  of
 the  town  of  Tomsk  and  the  Krasnoyarsk  Mining
 and  Chemical  Combine  (KMCC).  Uncertainty
 exists in relation to the magnitude of radionuclide
 inputs from these sources, although estimates have
 been  made.  For  example,  between  1958  and  1993
 routine  discharges  from  the  KMCC  are  estimated
 to have led to an input of 30-100 TBq of 137Cs into
 the Kara Sea; a level which is of a similar order of
 magnitude  to  inputs  of  Sellafield-derived 137Cs  to
 the  area  (Vakulovsky  et  al.,  1995).  However,  the
 fact  that  the  prevailing  surface  currents  tend  to
 transport contamination away from the Kara Sea in
 predominantly  easterly  and  northerly  directions,
 suggests that the resultant inputs to the Barents and
 Norwegian  seas  have  been  relatively  low.


Nonetheless, a potential for significant radionucli-
 de  contamination  might  exist  following  large
 accidental  releases  of  radioactivity  from  these
 nuclear complexes.


Several  other  sources  exist  which  also  represent
 potential  sources  of  radionuclides  to  the  Barents
 and  Norwegian  seas. Among  these  are  radioactive
 waste  containers  dumped  in  the  Barents  and  Kara
 Seas  by  the  Former  Soviet  Union  (FSU)  and  the


Flux of Cs-137 to and from the Baltic Sea


Annual Flux (TBq/y



(16)sunken submarine Komsomolets in the Norwegian
 Sea. The dumping areas and the location of the sun-
 ken  submarine  Komsomolets  are  given  in  Figure
 2.4. Several investigations have been conducted to
 detect  any  leakage  from  these  sources.  The  Joint
 Russian Norwegian expert group has been investi-
 gating  the  condition  of  the  contained  dumped
 objects  and  analysed  sediment  and  water  samples
 at  these  sites.  According  to  Strand  et  al.  (1997),
 elevated  levels  of  radionuclides  in  sediments  col-
 lected  in  the  vicinity  of  the  dumped  objects
 demonstrated that leakage had occurred, but that no
 inputs  of  radio-


nuclides  to  the
 open  sea  from
 this  source  have
 been  detected.


The  Russian
 nuclear  submari-
 ne Komsomolets,
 following  an
 accident on April
 7th,  1989,  lies  at
 a  depth  of  1700
 metres,  180  km
 southwest  of
 Bear  Island  in


the  Norwegian  Sea.  The  submarine  contains  a
 nuclear  reactor  and  two  torpedoes  with  nuclear
 warheads.  According  to  Kolstad  (1995)  a  very
 small  leakage  of  radiocaesium  isotopes  may  have
 occurred. 



3. Collection of samples 


Anne Lene Brungot, Norwegian Radiation
 Protection Authority (NRPA), Hilde Elise Helldal,
 Lars Føyn, The Institute of Marine Research (IMR).


In  1999,  samples  for  the  monitoring  programs  for
 radioactivity  in  the  marine  environment  were  col-
 lected  in  the  Barents  Sea,  the  Norwegian  Sea,  the
 North Sea and Skagerrak, in selected fjords and at
 coastal  stations  including  Svalbard. The  participa-
 ting  institutions  in  the  monitoring  programme
 were,  the  Norwegian  Radiation  Protection
 Authority  (NRPA),  the  Institute  of  Marine
 Research  (IMR),  the  Norwegian  Directorate  of
 Fisheries,  the  Institute  for  Energy  Technology
 (IFE)  and  the  Norwegian  Food  Control Authority.


Various  institutions  collected  the  samples,  but  not
 all  the  samples  were  analysed  for  radionuclides.


The rationale for this was that the cost of radionu-
 clide analysis is a limiting factor. The extra samples
 are  stored  in  case  further  analysis  is  needed  for
 verification  purposes  or  for  more  detailed  investi-
 gations.  Table  3.1  gives  an  overview  of  the
 sampling areas and number of analysed samples. 


Table 3.1 Overview  of  sampling  areas  and  number  of
 analysed samples 1999.


3.1  Sea water 


Sea water samples were collected at several locati-
 ons  along  the  Norwegian  coast  and  in  adjacent
 ocean  waters  at  different  depths.  The  water  was
 collected  during  expeditions  conducted  by  the
 Institute of Marine Research. In addition, monthly
 water samples for 99Tc analysis were collected from
 Hillesøy in Troms and yearly samples were collec-
 ted from locations in the southern part of Norway.


Photo 3.1, B. Lind: Water samples collected on an expe-
 dition  to  the  Barents  Sea,  (Jan.-  Feb.1999)  on  the
 research vessel Johan Hjort (IMR).


Barents Sea


Norwegian Sea


North Sea/


Skagerrak
 Fjords


Coastal stations 
 Including Svalbard
 Nitelva


Sea water
 47


1


8


10


11


-


Sediments
 3  x 2


6


11


-


4 x 9


Fish
 25 pooled
 358 single 
 5 pooled
 18 single
 -


22 pooled


-


-


Sea weed


72


Other biota
 26


11


13


1


2



(17)3.2  Sediment 


In October 1999, NRPA participated in a sampling
 campaign  close  to  the  discharge  point  of  the
 NALFA pipeline in the Nitelva river.  In this locati-
 on  there  is  an  area  contaminated  with  plutonium
 and  americium,  mainly  due  to  high  discharges  in
 the  period  1968-1970. The  contaminated  area  and
 discharge history has been described earlier (NRPA
 1999:11) and also briefly in this report under chap-
 ter  2.1.2.  Parallel  samples  were  collected  by  the
 IFE as part of their regular monitoring programme. 


Sediment samples from the North Sea areas and the
 fjords  from  Nordfjord  in  the  south  to Tanafjorden
 in  the  north  were  collected  by  the  IMR  during
 1999.  Sediments  were  retrieved  from  the  seabed
 using  a  Smøgen  box  corer. The  sediment  samples
 were collected from the upper 2 cm layer. In addi-
 tion,  sediment  samples  were  collected  during  the
 Barents  Sea  expedition  in  January  and  February
 1999 on the research vessel Johan Hjort. Sediments
 were  originally  collected  using  a  box-corer  and  a
 surface  grab.  Two  profiles  were  collected  from
 each box by slowly inserting PVC tubes of 100 mm
 diameter  to  a  depth  of  15-25  cm.  The  sediment
 samples  were  frozen  shortly  after  sampling  onbo-
 ard  the  research  vessel,  and  kept  frozen  until  they
 were analysed. 


Photo 3.2, B. K. Føyn: Collection of sediment samples in
 Iddefjord, onboard G.M. Dannevig (IMR) in 2001.


3.3  Fish and shrimps


The  Norwegian  Directorate  of  Fisheries  collected
 fish  and  shrimp  samples  from  commercial  fishing
 locations.  Individual  fish  were  collected  from  five
 different locations around the Norwegian coast, but
 mainly from the Barents Sea. Four times per year,
 the Directorate of Fisheries collects fish and prepa-
 res  pooled  samples  by  combining  muscle  samples
 of 50 grams from 100 individual fish. Additionally,
 the  Food  Control  Authority  collected  fish  and
 shrimps and prepared pooled samples, each contai-
 ning the meat from 25 fish. 


Fish  samples  of  cod,  polar  cod,  capelin,  flatfish,
 haddock  and  shrimps  were  collected  during  the
 expedition  with  R/V  “Johan  Hjort”  to  the  Barents
 Sea in January and February in 1999. 


In  1999,  a  total  of  approximately  2500  fish  were
 analysed  either  individually  or  as  pooled  samples
 of no less than 25 fish; corresponding to more than
 400 radionuclide analyses. 


3.4  Lobsters, crabs and mussels


Lobsters  and  crabs  were  collected  by  local  fisher-
 men  in  different  areas  along  the  western  and
 southern  parts  of  the  Norwegian  coastline.


Additionally King crab and starfish were collected
 during  the  Barents  Sea  expedition  on  the 
 R/V “Johan Hjort” in January and February 1999. 


At  Hillesøy  in  northern  Norway,  mussels  are  col-
 lected  four  times  each  year.  In  southern  Norway,
 mussels  are  collected  once  each  year.  The  NRPA
 have analysed samples of lobster, crab and mussel
 for 99Tc and gamma emitting nuclides.


3.5 Sea Mammals


The Institute of Marine Research collected and ana-
 lysed  samples  of  porpoise  from  five  different
 locations in Norway from Agder in the south to the
 coast  of  Finnmark  in  the  north.  Samples  were  col-
 lected  opportunistically  from  porpoises  caught
 accidentally by commercial bottom-set gillnet fishe-
 ries  between April  and  June  1999,  and April  2000.


Thirty-six porpoises were collected (13 females, 23
males) from 5 different counties in Norway. 
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