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1. Introduction 
 
The first nuclear reactors at Sellafield went critical in 1951 and fuel 
reprocessing commenced shortly afterwards. As the nuclear programme 
expanded, reprocessing increased and there was an associated increase 
in discharges to the environment  
(Gray et al, 1995). The liquid discharge profile, as shown in Figure 1, is 
a result of a multiplicity of process changes and problems. A key factor 
driving the peak in the 1970’s was the corrosion of Magnox fuel in the 
storage ponds. The dose profile for members of the marine critical 
group, over the same period, is shown in Figure 2. (Jackson et al, 2000). 
The aerial discharges and terrestrial critical group doses were similarly 
much reduced from the late 1970’s onwards. 
 
An initial environmental monitoring programme was formulated on the 
basis of research and assessment of the likely behaviour of 
radionuclides. This monitoring programme was carried out from the 
outset of operations (Dunster, 1952) and developed as experience of 
the environmental behaviour of radionuclides increased. The monitoring 
programme response to the increases in discharges was also 
characterised by increases: in frequencies, species, and locations. In 
addition to the routine process sources there were also incidents that 
gave rise to acute releases of radioactivity to the environment. Of key 
significance were: the Windscale fire, 1957; short-cooled fuel 
reprocessing, 1981; and discharge of contaminated solvent, 1983. All of 
these incidents added to the requirements for environmental 
monitoring. 
 
From the 1950’s to the 1980’s the modification of the monitoring 
programme was a process largely confined to the operator in 
consultation with the regulator. Inclusion of the environmental 
monitoring programme within the statutory framework of the discharge 
authorisations, thereby making it slightly more visible to the public, did 
not occur until 1981 and 1985, for liquid and aerial discharges 
respectively. From then on the development of the “statutory” 
monitoring programme was led by the regulator in consultation with the 
operator. 
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The rising trend in discharges in the early 1970’s led to a major 
investment in effluent abatement plant, the introduction of which led to 
the major decline in discharges post 1976. Again, doses followed 
discharges but not to the same extent, particularly in the marine 
environment where actinides sorbed to local sediments, hence 
maintaining doses. In 2003 the critical group doses assessed from the 
monitoring programme were 220 µSv y-1 (marine) and 38 µSv y-1 
(terrestrial) (BNFL, 2004). 
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Figure 1: Liquid effluent discharges from Sellafield, 1952 to 2004 
(from Gray et al, 1995; BNFL (2004) and equivalent reports 
published 1995-2003; and Environment Agency et al, 2005). 
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Figure 2: Sellafield critical group dose intake from consumption of 
fish and shellfish, 1952-2004 (from Jackson et al, 2000; 
BNFL, 2004 and equivalent reports published 1995-2003). 

 
 
Throughout this period the regulators carried out separate monitoring 
programmes to demonstrate the adequacy of the monitoring carried out 
by the operator. By 2005 this had evolved to: indicator monitoring by 
the Environment Agency (EA), at a level of approximately 10% of the 
operator programme; and food monitoring by the Food Standards 
Agency (FSA), at a level of approximately 100% of the operator 
programme. 
 
 
2. Process for Statutory Monitoring Programme revision 
 
British Nuclear Fuels Ltd (BNFL) was formed in 1971 from the United 
Kingdom Atomic Energy Authority, Production Division. Since 1977 the 
results of the BNFL monitoring programmes have been promulgated via 
annual reports (e.g. BNFL, 2004). The results of the regulator 
monitoring were published via annual reports from  
1967 onwards (Mitchell, 1967; Hunt, 1997). In addition to the reports 
there were also presentations to the local stakeholder group (the 
Environmental Health  
Sub-committee (EHS) of the Local Liaison Committee). 
 
Public engagement was limited to commenting on the results. After 1981 
(marine) and 1985 (terrestrial) the monitoring programme became the 
Statutory Monitoring Programme and was reviewed, by the regulator, at 
typically annual intervals,  
in consultation with the operator. The process was largely scientific 
and dose based, with public input to the programme being restricted to 
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regulator and operator interpretation of the public response to 
information received. The regulator was better placed to draw on the 
wider public response to proposed discharge authorisation 
consultations, whilst the operator was better placed for determining 
local public opinion. 
 
The development of the Statutory Monitoring Programme over the 
period of major discharge reduction can be determined by comparing 
the monitoring programmes of 1981 (marine), 1985 (terrestrial) and 
2005. This is shown in summary form in  
Table 1.  
 

Marine 198
1 

200
5 

Terrestrial 1985 2005

Mollusc samples 76 74 Milk samples 192 84 
Mollusc analyses 680 580 Milk analyses 1200 590 
Crustacea samples 56 20 Air samples 144 180 
Crustacea analyses 500 270 Air analyses 1300 1400
Fish samples 56 58 Vegetable samples 20 16 
Fish analyses 560 650 Vegetable analyses 56 160 
Seaweed samples 12 53 Meat samples 4 13 
Seaweed analyses 60 440 Meat analyses 12 130 
 
Table 1: Statutory Monitoring Programmes 1981 (marine) and 1985 

(terrestrial) versus 2005. 
 
It is clear that, despite declining discharges and critical group doses, 
the monitoring programme changed very little over the twenty year 
timeframe and had increased in some areas. This was due to a variety 
of factors including: a more precautionary regulatory approach; 
changes in dosimetric factors altering the radionuclide focus; new 
discharge profiles (e.g. Technetium-99) and inertia. The inertia had 
several causes including: absence of clearly stated objectives for the 
programme and assumptions about the public response to changes in the 
programme. 
 
In 2004 it was decided that the meetings of the Environmental Health 
Sub-committee would be held in public. BNFL and the EA both saw this 
as an opportunity to open up the process of Statutory Monitoring 
Programme determination to wider public scrutiny. The EA therefore 
suggested that BNFL produce a set of monitoring objectives, for 
presentation to the Environmental Health Sub-committee, prior to the 
determination of the programme for 2006. In addition the EA placed a 
requirement in the 2004 Sellafield discharge authorisation (Environment 
Agency, 2004) for an annual review of the Statutory Monitoring 
Programme.  
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3. Revised process for Statutory Monitoring Programme revision 
 
The BNFL revised process was a combination of primary and secondary 
objectives with monitoring principles. Development of this process took 
into account EA national policy for environmental monitoring for 
radioactive substances  
(Environment Agency, 2005). 
 
The primary objective was an annual retrospective assessment of 
critical group doses resulting from Sellafield operations. Relating the 
Statutory Monitoring Programme to critical group dose was seen as the 
cornerstone of any revision. 
 
The secondary objectives were: 
 

i) Detection of abnormal discharges. 
ii) Detection of fugitive emissions. 
iii) Detection of changes in environmental behaviour of 

radionuclides. 
iv) Maintenance of public confidence. 
v) Demonstration of Best Practicable Means. 
 

As the review process developed an additional objective (model 
validation) was added to meet EA concerns. There were seven principles 
for meeting the objectives.  
During the review process the most important of these were: 
 

i) All radionuclides specifically limited in the Authorisation will 
be explicitly included within the programme. 

ii) The degree of exposure pathway monitoring 
(pathway/frequency/location) will be dependent on the 
assessed dose to the critical group. 

iii) The BNFL food monitoring programme will take account of the 
results available from the FSA and will provide sufficient 
results (approximately 10% of FSA) to provide an adequate 
comparison with the FSA programme. 

 
Having established objectives and principles it was then necessary to 
establish a decision framework to allow development of a programme 
that would meet the objectives. A key feature for this process was the 
determination of the overall dose criterion and the contributing 
radionuclide/pathway dose criterion. The United Kingdom strategy for 
radioactive discharges (Department for Environment Food and Rural 
Affairs, 2002) sets a target of 20 µSv y-1 for marine critical group dose 
and this was used in the methodology. There is very little overlap 
between the marine and terrestrial critical groups near Sellafield 
(Environment Agency et al, 2005) and the criterion was applied to each 
group separately. For the decision process to work it was then 
necessary to set a dose criterion for any radionuclide/pathway 
combination.  
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In the first iterations of the process this was set at 2 µSv y-1, based on 
the observation that by the end of the 1990’s there were seldom more 
than ten radionuclides measured above detection limits in foodstuffs. 
Sensitivity to this decision was a key requirement of the evaluation 
process. It became clear that with a 2 µSv y-1 criterion a significant 
proportion of the total dose was not being accounted for by the 
resulting monitoring programme. The value was, therefore, 
subsequently changed to 1 µSv y-1.  
This decision process is shown in the form of a flowchart in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 3: Decision flowchart for Statutory Monitoring Programme 
evaluation 
 
 
4. Development of the 2006 Statutory Monitoring Programme 

 
The BNFL proposed objectives and principles were presented to an open 
meeting of the Environmental Health Sub-committee, with members of 
the public and press present, in May 2005. There were several 
comments, particularly in support of reducing unnecessary duplication 
between BNFL and the FSA. This public engagement allowed BNFL to 
move forward with the review, required by the EA, knowing that the 
output had a far greater chance of meeting public as well as regulator 
requirements. 
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The next stage of the review was carried out by consultants (Westlakes 
Scientific Consulting (WSC)) who had previously provided the 
environmental impact assessments in support of BNFL authorisation 
applications. The specification was centred on application of the 
process in Figure 3 but was expanded to include a review of the existing 
Statutory Monitoring Programme against current best practice. 
The main themes of the second stage of the review are summarised 
below. 
 
4.1 Dose threshold determination 
 
To determine an appropriate radionuclide dose threshold to use in the 
Figure 3 process, an analysis was undertaken of the dose contributions 
made by individual radionuclide/pathway combinations to total critical 
group dose, both for marine and terrestrial discharges. Doses 
calculated from monitoring undertaken in 2003 were used as the 
primary source of information, with modelling used to fill in gaps as 
necessary (although it should be noted that, using this approach, 
modelling contributed only 1 µSv y-1 to the total marine and terrestrial 
doses). The effect of truncating dose using thresholds of 1 or 2 µSv y-1 
was examined and radionuclide/pathway contributions less than these 
thresholds were identified. 
 
Based on this analysis, the 1 µSv y-1 threshold was deemed to be the 
most appropriate. At this threshold, the total marine dose was reduced 
to 195 µSv y-1, or 92% of the dose at zero threshold (211 µSv y-1), whilst 
the total terrestrial dose was reduced to  
17 µSv y-1, or 75% of the dose at zero threshold (23 µSv y-1). By 
comparison, use of a 2 µSv y-1 dose threshold reduced the total marine 
dose to 85%, and the total terrestrial dose to 51%, of the zero 
threshold values. 
 
Examples of radionuclides and pathways shown to be insignificant dose 
contributors to marine critical group dose at the 1 µSv y-1 threshold 
were: 
 

• 14C in Lobster and Nephrops. 
• 60Co, 90Sr, 95Zr, 95Nb, 134Cs and 144Ce in all routinely assessed 

seafood. 
• 99Tc in fish and crab. 
• 129I in all routinely assessed seafood except lobster. 
• 137Cs in crustacea and molluscs. 
• Pu-alpha in fish, lobster and Nephrops. 

 
Similarly, insignificant dose contributors to terrestrial critical group 
dose at the  
1 µSv y-1 threshold were: 
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• All terrestrial exposure pathways except milk, potatoes and 
immersion. 

• 3H, 14C, 35S, 41Ar, 60Co, 125Sb, Pu alpha, 241Pu and 241Am+242Cm. 
 
4.2 Best practice and comparison with the Statutory Monitoring 
Programme 
 
A review of available UK and international guidance relating to 
radiological monitoring of the environment was undertaken to define 
best practice and a comparison made with the Statutory Monitoring 
Programme. The most relevant guidance identified was ICRP and IAEA 
advice on monitoring objectives, and around thirty British (BS) and 
international (ISO) standards on the sampling, handling, storage and 
analysis of specific materials. Whereas BS and ISO guidance on water 
and soil samples was comprehensive, much less was available that 
related to biological materials. One main outcome of this exercise was 
that eight activities  
(2005 programme) were identified that exceeded best practice 
recommendations (including monitoring of milk, aquatic indicator and 
non-receiving waters) compared to five that did not meet 
recommendations (including river, continuous deposition and meat 
monitoring). 
 
4.3 LOD comparison  
 
A limit of detection (LOD) comparison was made between limits required 
by the regulator, limits currently achieved by the Statutory Monitoring 
Programme and threshold limits equivalent to 1 µSv y-1 critical group 
dose. The comparison showed that 90% of the regulator-recommended 
LODs for marine and terrestrial foodstuffs were well below the level 
equivalent to the 1 µSv y-1 threshold. There were also clear indications 
that the Statutory Monitoring Programme already complied with and 
improved upon regulator-recommended LODs in all of the indicator 
matrices (freshwater samples, leachate, soil, total deposition, 
groundwater, seaweed, seawater and sediment). 
 
4.4 85Kr monitoring  
 
A review of the requirement for routine monitoring of 85Kr showed that 
the dose from this radionuclide was less than 1 µSv y-1. In isolation this 
would have led to a recommendation for continuation of the previous 
approach of routine modelling of doses, with monitoring confined to 
discrete model validation exercises. 85Kr is, however, the most 
significant radionuclide released from the Sellafield site in terms of 
terabecquerels discharged and thus raises issues of public confidence 
(both nationally and internationally). This was recognised by the 
European Commission Article 35 audit of Sellafield (European 
Commision 2005), which recommended that “the Environment Agency 
review whether sampling of Kr-85 in the environment should be made an 
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integral part of environmental monitoring policy.”. In acknowledgement 
of this recommendation, a routine monitoring solution, based on 
cryogenic distillation of samples collected at a location close to the 
critical group, was proposed. This was also consistent with the 
principle of specific inclusion, within the programme, of all 
radionuclides limited within the discharge authorisation. 
 
4.5 Indicator monitoring, other themes and overall findings 
 
Following analysis of historical monitoring data and review of 
recommended monitoring locations and frequencies for indicator 
materials, it was evident that the current monitoring regime for soil 
and water was fit for purpose, although some minor reduction to the 
regime could be made whilst still satisfying statutory requirements.  

 
Several other themes were considered in the review of the Statutory 
Monitoring Programme as follows: 
 

• novel and unusual human exposure pathways; 
• additional monitoring required to support routine assessment of 

dose to biota; 
• environmental impacts incurred by monitoring; 
• public confidence issues; and  
• comparison of the programme against monitoring at other UK 

sites to identify potential gaps. 
 
The findings of the review, in summary, were that the current 
programme was in general consistent with best practice and met both 
the primary and secondary monitoring objectives. In many respects, the 
programme had been shown to exceed requirements against these 
guidelines, thus recommendations were suggested to modify the 
monitoring regime for the forward programme 
 
 
5. Final 2006 Statutory Monitoring Programme 

 
The review document produced by WSC was endorsed by BNFL and 
presented to EA as the prime basis for the 2006 Statutory Monitoring 
Programme. There were further detailed discussions on particular 
pathways with a high public profile, such as fish and milk. The 
application of the dose criteria indicated a severely reduced 
programme for these foodstuffs. The EA, however, wished to see a more 
extensive programme to ensure compliance with the objective of 
maintaining public confidence. BNFL agreed with this view and the 
programme was increased accordingly. 

 
The changes, which resulted from the application of the new process, 
can be easily seen by comparing the 2005 and 2006 programmes as 
given in Table 2. 
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Marine  200
5 

200
6 

Terrestrial  2005 2006

Seawater samples 48 130 Air samples 180 180 
Seawater analyses 300 480 Air analyses 1400 1400
Seaweed samples 53 22 Grass analyses 24 12 
Seaweed analyses 440 180 Grass analyses 290 130 
Mollusc samples 74 22 Milk samples 84 36 
Mollusc analyses 580 260 Milk analyses 590 240 
Crustacea samples 20 8 Vegetable samples 16 2 
Crustacea analyses 270 56 Vegetable analyses 160 8 
Fish samples 58 10 Meat samples 13 0 
Fish analyses 650 56 Meat analyses 130 0 

 
Table 2: Effect of implementing the new process for defining the 

Statutory Monitoring Programme. 
 

It is clear from Table 2 that the structured revision, against pre-defined 
objectives,  
has led to significant reductions in food monitoring and some increases 
in indicator monitoring. 
 
The reduced food monitoring within the Sellafield Statutory Monitoring 
Programme is only tenable as long as FSA continue with their complete 
programme  
(for demonstration of compliance with dose limits).  
 
The reduction in mollusc monitoring is not as great as for other 
foodstuffs because of monitoring of mussels (Mytilus edulis). Mussels 
are considered as a key marine indicator species as well as a foodstuff 
and a full monitoring programme was retained rather than a reduction 
to a lower level for comparison with FSA results.  
 
The increase in seawater monitoring is primarily a result of applying 
two principles; inclusion of all limited radionuclides within the 
programme and provision of data for modelling. Use of modelled doses 
as part of the monitoring programme revision process increases the 
requirement for validation data. This is particularly important for the 
marine dispersion model. 
 
 
6. Conclusion 
 
The decision to re-visit the objectives of the Statutory Monitoring 
Programme,  
in public, has led to a major revision. What was at first considered to 
be a potentially difficult process has led to changes that would 
probably not have been possible previously. Taking the step of opening 
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up the process to wider scrutiny was successful in overcoming the 
inertia of a monitoring programme that had evolved over a period of 
more than 50 years. 
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