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SUMMARY

This report presents the results of a survey conducted in 2007 to determine the habits and
consumption patterns of people living, working and pursuing recreational activities in the
vicinity of the Berkeley and Oldbury nuclear power stations in Gloucestershire and South
Gloucestershire, respectively. Berkeley has twin Magnox reactors; the station ceased energy
generation in 1989 and is undergoing decommissioning. Oldbury generates electricity from
twin Magnox reactors; the station is scheduled to cease electricity production in 2008. Both
sites discharge gaseous radioactive waste via separate stacks to the atmosphere and
discharge liquid radioactive waste via separate pipelines to the River Severn. The sites
contain sources of direct radiation. Due to the close proximity of the sites, the liquid waste
and gaseous discharges from Berkeley and Oldbury are considered together for the purposes
of habits surveys, environmental monitoring, and assessments. Direct radiation pathways

from Berkeley and Oldbury are considered separately in this report.

The following potential exposure pathways related to the site were investigated:

e The consumption of food from the terrestrial survey area

e The production, use and destination of local produce

e The consumption and use of groundwater and surface water in the terrestrial survey area
e Occupancy within 1 km of the licensed site boundary

e The consumption of food from the aquatic survey area

e Activities and occupancy over intertidal substrates

e The handling of fishing gear and sediment

e Activities and occupancy in and on water

e New or unusual practices such as the use of seaweed as a fertiliser or livestock feed and

the transfer of contamination off-site by wildlife

Interviews were conducted with members of the public and data collected for 432 individuals
are presented and discussed. High rates of consumption, occupancy and handling are

identified by using the ‘cut off method and 97.5" percentiles. These rates can be used in
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dose assessments. Additionally, profiles of integrated habits data are presented specifically

for use in total dose assessments.

In the aquatic survey area, internal and external exposure pathways were investigated
because of the potential effects from liquid discharges. Foods consumed from the aquatic
survey area were fish, crustaceans, wildfowl and salt marsh grazed cattle. The predominant
foods consumed by the respective critical groups for these food groups were eel, cod, bass
and whiting; brown shrimps; mallard, goose and wigeon; and salt marsh grazed beef. For fish
and crustaceans, the adult mean critical group consumption rates did not exceed the
respective generic 97.5" percentile rates (generic 97.5" percentile rates have not been
determined for wildfowl or salt marsh grazed cattle). Critical group intertidal occupancy rates
were calculated for people undertaking bird watching, dog walking, walking, fossil hunting,
shore angling, commercial salmon fishing and wildfowling. Critical group handling rates for
fishing gear were calculated for commercial salmon fishermen and sediment handling rates
for wildfowlers and commercial fishermen. People were undertaking water based activities
such as commercial fishing, sailing and inshore rescue duties. The human or animal

consumption of seaweed, or use of seaweed as a fertiliser for vegetables was not identified.

The terrestrial survey covered an area up to 5 km from the site centre. In this area, internal
exposure pathways were investigated because of the potential effects from gaseous
discharges. Food production was identified at 35 farms in the Berkeley and Oldbury areas
(including beef cattle, lamb, dairy cattle, chickens and arable), three allotment sites and many
private gardens. Three beekeepers produced honey. One trout lake was identified from which
rainbow trout was consumed. For foods consumed from the terrestrial survey area, the mean
critical group consumption rates exceeded the respective generic 97.5" percentile rates for
milk and sheep meat. Other local foods consumed were green vegetables, root vegetables,
other vegetables, potato, domestic fruit, cattle meat, pig meat, poultry, eggs, wild/free foods,
rabbits/hares, honey, wild fungi, venison and freshwater fish. The consumption of cereals was
not noted. The consumption of groundwater or surface water was not identified. Livestock

were drinking stream, pond, borehole and well water.



Investigations into the off-site transfer of radioactive contamination by wildlife established that
although rabbits and pigeons were found on site, they were not considered by the site operators
to be a problem within the perimeter fence. Members of the public who lived in the terrestrial
survey areas of the Berkeley and Oldbury sites were consuming pigeons and rabbits that

were shot within 5 km of both sites.

The direct radiation survey covered an area out to 1 km from the site boundary. In this area,
external pathways were investigated because of potential effects from ionising radiation
emanating directly from the site and from exposure to gases discharged to atmosphere from the
site. In both the Berkeley and Oldbury survey areas, the highest outdoor occupancy rate was

for a farmer and the highest indoor occupancy rate was for a resident.

Gamma dose rate measurements were taken at various locations in the aquatic survey area
and both indoors and outdoors at properties in the direct radiation survey area. Background

readings were taken outside the 5 km radius of the terrestrial survey area.

Comparisons were made with the results from the previous aquatic, terrestrial and direct

radiation surveys.

In the aquatic survey, compared with 2001, there was a decrease in the adult critical group
mean consumption rates for fish and an increase in crustaceans in 2007. Fish decreased
from 18 k/y to 14 kgly and crustaceans increased from 1.5 kg/y to 2.7 kgly. Adult critical
group mean occupancy rates over intertidal substrates had changed significantly. The
occupancy rate over mud had decreased in 2007 from 420 h/y to 78 h/y, and the occupancy
rate over mud and sand had decreased from 650 h/y to 270 h/y. The handling rates of fishing
gear also decreased in 2007 from 590 h/y to 350 h/y. These decreases reflect the changes in
commercial fishing between 2001 and 2007. Intertidal occupancy rates over salt marsh

increased significantly in 2007 from 190 h/y to 430 hly.



In the terrestrial survey, there were significant changes in some of the adult critical group mean
consumption rates compared to the results of the previous survey of 2001. Food groups with
significant increases in consumption rates in 2007 were other vegetables, from 15 kg/y to 32
kaly; potatoes, from 35 kgly to 76 kgly; domestic fruit, from 9.2 kgly to 51 kgly; milk, from 140 lly
to 270 lly; pig meat, from 10 kgly to 23 kgly; sheep meat, from 11 kgly to 45 kgly; eggs, from
7.1 kgly to 21 kgly; and rabbit, from 1.7 kg/y to 11 kgly. There was a decrease in consumption

rates for wild fungi, from 7.9 to 1.5 kgly.

In the direct radiation survey, there were differences in the survey areas between the 1996 and
2007 Oldbury survey, and the 2001 and 2007 Berkeley survey, however some comparisons can
be made. At Berkeley, in the 2007 0 — 0.25 km zone, there was a decrease in the total
occupancy rate within from 8500 h/y to 8200 h/y. At Oldbury, in the 2007 0 — 0.25 km zone,
there was a slight decrease in the total occupancy rate from 8500 h/y to 8400 hly. Gamma
dose rate measurements at two houses in the Oldbury area were compared; these results were

very similar in 1996 and 2007.

Suggestions are provided for changes to environmental monitoring programmes on the basis
of the information collected during the survey (see Section 8.3). These include adding a
sample of eel, salt marsh grazed beef and rabbit and gamma dose rate measurements at

Slimbridge, Severn Beach, Aylburton Warth and Northwick Warth.
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1 INTRODUCTION

The public may be exposed to radiation as a result of the operations of the Berkeley and
Oldbury sites either from discharges of liquid or gaseous radioactive wastes into the local
environment, or from radiation emanating directly from the site. This report provides
information about activities carried out by members of the public under everyday
circumstances, which may influence their radiation exposure. The study has been funded by
the Environment Agency, the Food Standards Agency and the Health and Safety Executive in

order to support their respective roles in protecting the public from the effects of radiation.

1.1 Regulatory framework

The Environment Agency regulates discharges of waste under the Radioactive Substances
Act 1993 (RSA 93) (UK Parliament, 1993) as amended by: the Environment Act 1995 (EA 95)
(UK Parliament, 1995a); by legislation implementing the European Union (EU) Basic Safety
Standards (BSS) Directive 96/29/Euratom (CEC, 1996); and by the Energy Act 2004 (EA 04)
(UK Parliament, 2004). The Directive takes into account Recommendations of the
International Commission on Radiological Protection (ICRP), particularly ICRP 60 (ICRP,
1991). Authorisations under RSA 93 are issued by the Environment Agency after wide-
ranging consultations that include the Food Standards Agency. As well as being a Statutory
Consultee, the Food Standards Agency has responsibilities for ensuring that any radioactivity
present in food does not compromise food safety and that authorised discharges of
radioactivity do not result in unacceptable doses to consumers via the food chain. The Food
Standards Agency also ensures that public radiation exposure via the food chain is within EU
accepted limits. Consultation papers on Statutory Guidance to the Environment Agency on
the regulation of radioactive waste discharges were issued by the Department of the
Environment, Transport and the Regions (DETR) (the Department for Environment, Food and
Rural Affairs (Defra)) in 2000 (DETR, 2000a) and the Welsh Assembly in 2002 (The Welsh
Assembly Government, 2002). Most recently, in 2006, Defra published a decision document

for application to dispose of or accumulate radioactive wastes from or on eight Magnox sites
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(including Berkeley and Oldbury) (Defra, 2006) stating it was decided not to change any of the
Environment Agency’s decisions. These documents include, inter alia, affirmation that
protection of the critical groups of the public is the appropriate radiological protection
methodology to use. This report provides information to support assessments of critical

groups.

Installation and operation of certain prescribed activities can only occur on sites if they are
licensed under the Nuclear Installations Act 1965 (as amended) (NIA 65) (UK Parliament,
1965). The Nuclear Installations Inspectorate of the Health and Safety Executive implements
this legislation and is also responsible for regulating, under the lonising Radiations
Regulations (IRR 99) (UK Parliament, 1999), the restriction of exposure of the public to direct

radiation from operations occurring on these sites.

1.2 Radiological protection framework

UK policy on the control of radiation exposure has long been based on the Recommendations
of the ICRP which embody the principles of justification of practices, optimisation of protection
and dose limitation. Radiological protection of the public is based on the concept of a critical
group of individuals. This group is defined as those people who, because of both their
residence and habits, receive the highest radiation dose due to the operations of a site. It
follows that, if the dose to this group is acceptable when compared to relevant dose limits and
constraints, other members of the public will receive lower doses, and overall protection to the
public is provided from the effects of radiation. The ICRP have recommended that the term
‘representative person’ be used in preference to the term ‘critical group’. (ICRP, 2007)
However, this recommendation has not yet been formally adopted in the UK and therefore we

continue to use the term ‘critical group’ in this report.

Dose standards for the public are embodied in national policy (UK Parliament, 1995b), in
guidance from the International Atomic Energy Agency (IAEA), in the Basic Safety Standards

for Radiation Protection (IAEA, 1996) and in European Community legislation in the EU BSS
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Directive 96/29/Euratom. The public dose standards were incorporated into UK law in IRR
99. In order to implement the Directive in England and Wales, the Environment Agency was
issued with a direction by the DETR in 2000 (DETR, 2000b). This included the requirements
that the Environment Agency ensure, wherever applicable,
o all public radiation exposures from radioactive waste disposal are kept As Low As
Reasonably Achievable (ALARA)

e the sum of such exposures does not exceed the dose limit of 1 mSv a year

The principal limit of 1 mSv per year to the public, is also the recommendation made by the

ICRP.

The Environment Agency shall have regard for maximum doses to individuals for use at the
planning stage:
e 0.3 mSv ayear from any source

e 0.5 mSv a year from the discharges from any single site

The Environment Agency is also required to ensure that the dose estimates are as realistic as
possible for the population as a whole and for reference groups of the population. It is
required to take all necessary steps to identify the reference groups of the population taking
into account the effective pathways of transmission of radioactive substances. Guidance on
the principles underlying prospective radiological assessment (i.e. assessments of potential
future doses) has been provided by a group of UK Government Bodies (EA, SEPA, DoENI,
NRPB and FSA, 2002). The National Dose Assessment Working Group (NDAWG) has also
published principles underlying retrospective radiological assessment (i.e. assessment of
doses already received from past discharges) (Allott, 2005) and possible methods of carrying
out these assessments using data from combined habits surveys (Camplin et al., 2005).
NDAWG agreed that the optimal method for performing retrospective dose assessments
would be to use habits profiles (profiing method). This approach is being adopted in
Radioactivity in Food and the Environment (RIFE) publications, (e.g. EA, EHS, FSA and

SEPA, 2007), as combined habits surveys are completed.
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This report provides information that allows the habits of members of the public to be
guantified so that the most exposed groups can be identified and doses to the groups can be

assessed in a realistic way.
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2 THE SURVEY

2.1 Site activity

Details in this report relating to the ownership, licensing and operations of the sites were

applicable at the time that the main period of fieldwork was undertaken in August 2007.

The Berkeley and Oldbury sites are located in Gloucestershire and South Gloucestershire
respectively, both on the eastern shore of the River Severn. Oldbury is approximately 20 km
north of Bristol, and Berkeley is located approximately 10 km north-east of Oldbury (see

Figure 1).

Berkeley has twin Magnox reactors, one of which ceased energy production in 1988 (after 27
years in operation) and the second in 1989. Berkeley is the first commercial power station in
the UK to be decommissioned. The decommissioning programme is well underway and
radioactive wastes are still generated by decommissioning operations. The adjoining
Berkeley Centre, which was delicensed in December 2006, provides a support function for the
decommissioning and generating Magnox Sites. Activities at Berkeley Centre are limited to
the provision of office accommodation and conference facilities for Magnox and the NDA; the
analytical laboratories have been decommissioned. A small quantity of radioactivity is
discharged by VT Nuclear Services from the dosimetry and instrument calibration facility it
operates on the site. Whilst the habits survey fieldwork was being carried out, regular

decommissioning activities were proceeding at Berkeley.

Oldbury generates electricity from twin Magnox reactors; the station is scheduled to cease
electricity production in 2008. At Oldbury, both of the reactors were closed down for

maintenance for the whole period of the fieldwork.

The Berkeley and Oldbury sites discharge gaseous radioactive waste via separate stacks to

the atmosphere, liquid radioactive waste via separate outfalls into the River Severn and
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contain sources of direct radiation. Oldbury also has a minor liquid discharge pipe, which
releases effluent into the tidal reservoir adjacent to the site. Details of the amounts of
gaseous and liquid radioactive waste discharged in 2006 have been published (EA, EHS,

FSA and SEPA, 2007).

The Berkeley and Oldbury sites are owned by the Nuclear Decommissioning Authority (NDA).
Magnox South manages decommissioning operations at Berkeley and Magnox North is the
main management and operations contractor at Oldbury, operating under authorisation issued
to Magnox Electric Ltd. Under NIA 65, the holder of the site licence for Berkeley and Oldbury
is Magnox Electric Ltd., which allows the installation and operation of certain activities. Under
RSA 93, Magnox Electric Ltd is authorised to discharge gaseous radioactive wastes via
stacks to the atmosphere and liquid radioactive waste via separate outfalls into the River

Severn.

Due to the close proximity of the sites, the liquid waste and gaseous discharges are
considered together for the purposes of habits surveys, environmental monitoring, and
assessments. Direct radiation pathways from Berkeley and Oldbury are considered

separately in this report.

2.2 Survey objectives

The Centre for Environment, Fisheries & Aquaculture Science (Cefas) undertook the survey
in 2007 on behalf of the Environment Agency, the Food Standards Agency, and the Health
and Safety Executive. The aim of the survey was to obtain information on the habits of the
public that might lead to their exposure to atmospheric discharges, liquid discharges and
direct radiation from the Berkeley and Oldbury nuclear sites. The survey provided

comprehensive information to ensure that all potential exposure pathways were identified.
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Specifically, investigations were conducted into the following:

e The consumption of food from the terrestrial survey area

e The production, use and destination of local produce

e The consumption and use of groundwater and surface water in the terrestrial survey area
e Occupancy within 1 km of the licensed site boundary

e The consumption of food from the aquatic survey area

e Activities and occupancy over intertidal substrates

e The handling of fishing gear and sediment

e Activities and occupancy in and on water

e New or unusual practices such as the use of seaweed as a fertiliser or livestock feed and

the transfer of contamination off-site by wildlife

There were no additional site-specific investigations requested by the Environment Agency,
the Food Standards Agency nor the Health and Safety Executive for the Berkeley and

Oldbury survey.

2.3 Survey areas

Three survey areas were defined to encompass the dominant activities expected for aquatic,
terrestrial and direct radiation pathways. The same aquatic and terrestrial areas were used
in the previous combined aquatic and terrestrial habits survey (which includes a
representative sample of occupancy rates for direct radiation) conducted by Cefas in the
Berkeley and Oldbury area, which was in 2001 (Tipple et al., 2002). There were differences
in the previous direct radiation survey areas used at Berkeley in 2001 (Smedley and
McTaggart, 2002) and at Oldbury in 1996 (Duckett, 1997). In 2007, the direct radiation
survey areas at Berkeley and Oldbury were 1 km from the nuclear licensed site boundaries.
In 1996, the Oldbury direct radiation survey area was 1 km from the power station, and in
2001, the Berkeley direct radiation survey area was 1 km from the nuclear site licensed

boundary, which had changed in 2007.
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The aquatic survey area, shown in Figure 1, covered both shores of the River Severn upriver
as far as Broadoak and downriver as far as Severn Beach on the east bank and Portskewett
on the west bank. It encompassed all intertidal areas and fisheries within this area of the
River Severn. The area is relevant to the potential affects of liquid discharges from both the

Berkeley and the Oldbury sites.

The Berkeley and Oldbury terrestrial survey areas overlap, as shown in Figure 2. The two
separate terrestrial survey areas are shown in Figure 3 and Figure 4 for Berkeley and
Oldbury, respectively. These areas were defined as the circle to a radius of 5 km from the
centre of the Berkeley site (NGR ST 654 999) and from the centre of the Oldbury site (NGR
ST 605 945) to encompass the main areas of potential deposition from gaseous discharges.
Watercourses and areas potentially containing contamination from only washout of gaseous

discharges are discussed in the terrestrial section of this report.

The direct radiation survey area is also shown in Figure 3 and 4 for Berkeley and Oldbury
respectively. The direct radiation survey area was defined as the area within 1 km of the

licensed site boundary for both Berkeley and Oldbury.

2.4 Conduct of the survey

Prior to the fieldwork, discussions were held between a member of the Cefas survey team
and representatives from Magnox Electric, the Environment Agency, the Food Standards
Agency and the Health and Safety Executive. These discussions provided an outline of the
main aims of the survey and highlighted issues that required special attention or effort by the

team.

As part of the pre-survey preparation, people with a local knowledge of the survey area were
contacted for information on any aspects relevant to the various exposure pathways. These
included representatives from local councils, the Tourist Information Centre, a beekeeping

association, the British Association for Shooting and Conservation, commercial fishermen, the
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Environment Agency and Natural England. These people provided information on allotments,
beekeeping, wildfowling, commercial and non-commercial fishing and other activities in the
aquatic survey area. Further information regarding the habits of people in the aquatic and
terrestrial survey areas was obtained from Internet searches, Ordnance Survey maps and
from previous habits surveys undertaken at Berkeley and Oldbury. A proposed programme
for fieldwork was distributed to the Environment Agency, the Food Standards Agency, and the

Health and Safety Executive before the fieldwork commenced, for their comment.

The fieldwork component of the survey was carried out in two parts due to an unexpected
outbreak of Foot and Mouth. The first part of the survey, which included all components of
the fieldwork with the exception of farms, was carried out from 15" — 22M August 2007 by a
survey team of four people, according to techniques described by Leonard et al. (1982). The
second part of the survey was carried out from 4™ — 9™ November 2007 by the same team of
people. At the start of the fieldwork, on 16" August, a meeting was held between the survey
team and site representatives of Berkeley and Oldbury. This served to provide details about
site operations, including waste disposal, and information about potential pathways and

activities in the area.

Details obtained are as follows:

o Berkeley and Oldbury have separate pipelines for liquid discharges, Oldbury also has
a minor discharge pipe into the tidal reservoir adjacent to the site.

o At Berkeley, the site activities during the habits survey included the decommissioning
work, work on a caesium removal plant and civil construction projects.

e At Oldbury, both reactors were shut for maintenance for the duration of the habits
survey.

o At Berkeley there is low-level direct radiation from an area, which used to be a fuel
storage area. At Oldbury, direct radiation was considered by the site to be very low.

e Information about potential pathways and activities in the area included; use of the

nature trails by the public around the site; a large sailing club at Oldbury Pill; access
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to the foreshore near the sites used by walkers, anglers and birdwatchers; and one

wildfowling club that shoots from both shores of the River Severn.

The site representatives were also asked about any wildlife studies and pest control
measures in and immediately around the site (see Section 5.2). Animals are potential carriers
for transporting radioactive materials off-site and are also potential food items for some

individuals.

During the fieldwork, individuals who were identified in the pre-survey preparation as having
the potential to be exposed to radioactivity from the site were contacted and interviewed.
These included anglers, hobby fishermen, boat users, farmers, allotment holders, beekeepers
and people living and working close to the site. Interviews were used to establish individuals’
consumption rates of locally grown terrestrial foods and locally caught freshwater food, their
handling rates of fishing gear, their occupancy rates relevant to external exposure and
occupancy rates in and on water. Any general information of possible use to the survey was
also obtained. Using the information obtained in the interviews, a list of occupations and

activities was built up to produce a picture of potential exposure pathways.

For practical and resource reasons, the survey did not involve the whole population in the
vicinity of Berkeley and Oldbury. Individuals or groups were targeted in order to identify the
most potentially exposed. However, it is possible that even within a subset or group there
may have been people not interviewed during the survey. Therefore, a further protocol has
been adopted to aid interpretation and to address this issue. Where possible, a percentage
has been determined for the number of interviewed individuals as a function of the estimated
total number of potential individuals in each group. The results are summarised in Table 1;
the ‘groups’ are described and quantified. For certain groups, such as anglers, it can be
virtually impossible to calculate the total number of people who undertake the activity in the
survey area because it is difficult to quantify visitors from outside the area or occasional
visitors during the year. Overall, the number of potential interviewees in the terrestrial survey

area was estimated to be 19,000; information was obtained for a significantly smaller number
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than this. In particular, it should be noted that the survey did not include site employees or
contractors while they were at work on the site. This is because dose criteria applicable to
these people whilst at work and the dose assessment methods are different to those for
members of the public. However, any consumption data, and activities and occupancy rates
for these employees while outside work, are included in the results if employees were

encountered during the survey.

For each of the three survey areas, the survey targeted pathways primarily relevant to that
survey area. Where possible, people were also asked about habits relating to the other two
survey areas. For example, people in the terrestrial survey were initially questioned because
it was known that they grew significant quantities of terrestrial foodstuffs. However, they were
also asked about habits that might lead to exposure to liquid discharges or direct radiation.
During interviews with representatives from certain groups or organisations, such as the
Inshore Rescue Services, it was not possible to collect data for all pathways (such as
consumption of local foods) for each person. In this case, data were limited to occupancy
rates on water. In Annexes 1 and 2, these individuals only have data for the pathway of

primary interest.

Thirty-six person-days were spent investigating the survey areas and interviewing individuals
who were relevant to the survey. Observations for 432 individuals were recorded. During the
survey, gamma dose rate measurements were taken to aid assessment of external exposure

pathways.
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3 METHODS FOR DATA ANALYSIS

3.1 Data recording

Data collected during the fieldwork were recorded in logbooks. On return to the laboratory,
the data were examined and any notably high rates were double-checked, where possible, by
way of a follow-up phone call. In rare cases where follow up phone calls were not possible
(e.g. interviewees who wished to remain anonymous), the data were accepted at face value.
The raw data were entered into a habits survey database where each individual for whom
information was obtained was given a unique identifier (the observation number) to assist in

maintaining data quality.

During the interviews, people could not always provide consumption rates in kilograms per
year for food or litres per year for milk. In these circumstances, interviewees were asked to
provide the information in a different format. For example, some estimated the size and
number of items, (e.g. eggs) consumed per year, whereas others gave the number of plants
in a crop or the length and number of rows in which the crop was grown per year. The
database converted these data into consumption rates (kg/y for food and I/y for milk) using a
variety of conversion factors. These factors included produce weights (Hessayon, 1990 and
1997 and Good Housekeeping, 1994), edible fraction data researched by Cefas, and

information supplied by the Meat and Livestock Commission.

All consumption and occupancy data in the text of this report are rounded to two significant
figures to reflect the authors’ judgement on the accuracy of the methods used. In the tables
and annexes, the consumption rate data are usually presented to one decimal place.
Occasionally, this rounding process causes the row totals or mean rates to appear slightly
erroneous (+ 0.1). Consumption rates less than 0.05 kg/y are presented to two decimal

places in order to avoid the value of 0.0 kg/y. External exposure data are quoted as integers.
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To ensure the quality of the data collected during the survey fieldwork and presented in the

report, the following procedures have been employed:

o Experienced scientific staff were used for fieldwork and data assessment. They had been
trained in the techniques of interviewing and obtaining data for all pathways that were
relevant to the survey being conducted. Where individuals offered information during
interview that was unusual, they were questioned further in order to double-check the
validity of their claims.

e Where possible, interviewees were contacted again to confirm the results of the initial
interview if, when final consumption or occupancy rates were calculated, observations
were found to be high in relation to our experience of other surveys. Local factors were
taken into account in these cases.

e Data were manipulated in a purpose built database using a consistent set of conversion
factors.

e Data were stored in a database in order to minimise transcription and other errors.

o Draft reports were formally reviewed by a senior Cefas radiological scientist.

e Final reports were only issued when the Environment Agency, the Food Standards
Agency and the Health and Safety Executive were entirely satisfied with the format and

content of the draft.

For the purpose of data analysis, foodstuffs were aggregated into food groups as identified in
Table 2. Specific food types relevant to this survey are presented in the subsequent tables.
The data are structured into groups with similar attributes. For example, when considering
terrestrial food consumption, all types of root vegetables are grouped together in a food group
called ‘root vegetables’. Similarly, for aquatic food consumption, all crustacean species are
grouped as ‘crustaceans’. For external exposure over intertidal sediments, occupancy over a
common substrate (e.g. salt marsh) is chosen. The choice of a group of activities is made
when it is reasonable to assume that consistent concentrations or dose rates would apply

within the group.
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In addition to grouping of activities, data are structured into age groups because different
dose coefficients (i.e. the factors which convert intakes of radioactivity into dose) can apply to
different ages. The age groups and their relevant age ranges are based on the

recommendations in ICRP 72 (ICRP, 1996), and are listed below:

Age group Age range in group
3-month-old Under 1-year-old
1-year-old 1-year-old

5-year-old 2-year-old to 6-year-old
10-year-old 7-year-old to 11-year-old
15-year-old 12-year-old to 16-year-old
Adult 17-year-old and over

For direct radiation pathways, the data are grouped into distance zones from the site
perimeter as a coarse indication of the potential dose rate distribution due to this source of
exposure. The bands used were: 0 — 0.25 km, >0.25 — 0.5 km and >0.5 — 1 km. These

distance bands are also useful when assessing exposure to gaseous discharges.

3.2 Data analysis

The main outputs of the study are the statements of individuals’ consumption, handling and
occupancy rates given in Annexes 1 and 2. These can be used in radiological assessments
of the effects of the operations at the Berkeley and Oldbury sites — taking into account the

concentrations and/or dose rate distributions in space and time relevant to the assessments.

Annex 3 contains qualitative and estimated data for pathways where it was not possible to
obtain quantifiable data from interviews. This includes activities that were reported during the
survey e.g. activities which were occurring at a different time of year to the survey. Annex 3
has been included in this report so that the information can be used in dose assessments,

thereby ensuring that all potential pathways have been covered in the assessments that
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would otherwise be overlooked. An estimated rate has been given for occupancy over mud
for elver fishermen, based on experience from previous habits surveys. Elver fishing was
undertaken at a different time of year to the survey and although information was obtained

during the survey, no one was available for interview to discuss the details of the activity.

The habits data have been analysed to indicate high rates of consumption, occupancy and
handling, prior to a formal assessment being undertaken. Three approaches have been

used:

Firstly, the ‘cut-off method described by Hunt et al. (1982) was used. With the ‘cut-off’
method, the appropriate high rate was calculated by taking the arithmetic mean of the
maximum observed rate and all observed rates within a factor of 3 of the maximum value
(termed the lower threshold value). It accords with the principle expressed by ICRP (ICRP,
1984) that the critical group should be small enough to be reasonably homogeneous with
respect to age, diet and those aspects of behaviour that affect the doses received. For ease
of presentation in this report, the term critical group rate is used to represent the data derived
by the ‘cut-off’ method. A separate critical group rate was calculated for each food group,
intertidal substrate and handling pathway identified in the survey. In certain cases, using the
‘cut-off’ method could result in only one person being in the critical group. In these cases,
expert judgement was used to decide whether the critical group should remain as one
individual or whether others should be included. If others were included, the second highest
rate was divided by three to give a new cut-off value and all observations above this were

included in the critical group.

Secondly, g97.5" percentile rates were calculated using the Excel mathematical function for
calculating percentiles. This method accords with precedents used in risk assessment of the
safety of food consumption. Mean and g97.5M percentile rates based on national statistics
have been derived by the Ministry of Agriculture, Fisheries and Food (MAFF) (now part of
Defra) and the Food Standards Agency (Byrom et al., 1995 and FSA, 2002), and these are
referred to as generic rates in this report.
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Thirdly, profiles have been produced that give a complete view of the habits of the individual
that might lead to exposure to all the discharges and radiation from the site. The profiles are
based on values calculated by the ‘cut off method. The profiled data can be used to assess

total dose integrated across all pathways of exposure.

For ingestion pathways, critical group rates for children have been calculated from the survey
data. However, because few child consumers were identified, the rates should be viewed
with caution. For assessment purposes, an alternative approach may be taken which

involves scaling the critical group rates for adults by ratios. These ratios are given in Annex 4

and have been calculated using generic 97.5M percentile consumption rates.

Selection of critical group and 97.5M percentile rates for occupancy is not undertaken for the

direct radiation pathway. Such an analysis is of limited value without a detailed knowledge of

the spatial extent of dose rates due to direct radiation.
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4 AQUATIC RADIATION PATHWAYS

4.1 Aquatic survey area

The aquatic survey area (Figure 1) covered the River Severn upriver as far as Broadoak and
downriver as far as Severn Beach on the east bank and Portskewett on the west bank. It

encompassed all intertidal areas and fisheries within this stretch of the River Severn.

Overview of survey area

The substrates of the shores of the River Severn were predominantly mud, sand and salt
marsh, interspersed stone and rock. The River Severn has a large tidal range, resulting in
fast running water and large areas of exposed mud and sand at low tide. Activities were
restricted at some locations due to the dangerous nature of the soft mud and sand, and the
strong tides. There were beach areas in the southern part of the survey area, but from the
Severn road bridge heading north, the shore was predominantly salt marsh and mud. The
Severn Way footpath proceeded through the aquatic survey area along the eastern shore of

the river and along a man made embankment, which was built for flood defences purposes.

River Severn - east shore (west to east)

Severn Beach to Severn Road Bridge

Severn Beach is a small tourist village located 1 km south of the M4 Severn bridge with a
small campsite to the north of the village. The beach was easily accessible through a
residential area, and the area had ample car parking. Parallel to the beach was a concrete
promenade, which was not tide washed. The promenade continued from Severn Beach,
north to New Passage, a small residential area. At low tide, the substrate between Severn
Beach and New Passage consisted of mud, sand and stones, salt marsh and rocky outcrops,

backed by large sea defence boulders. Activities were limited due to the large tidal excursion,

27



such as angling, which was restricted to 2 hours either side of high tide. Activities were also
restricted to the upper foreshore due to the soft mud substrate on the lower foreshore. Locals
and visitors were using the area for walking and dog walking. The area was also reported to

be popular with shore anglers using both the beach and the sea wall.

The area of salt marsh and mud between New Passage and Old Passage is called Northwick
Warth. The salt marsh was a favoured location for anglers and could be accessed by a road
from Old Passage. Birdwatchers were observed near Northwick Warth but not on tide

washed areas. Cattle were observed grazing on the salt marsh.

Aust CIiff, just below the Severn road bridge, is accessible by a footpath from Old Passage.
The high cliff is famous geologically for its range of fossils, therefore is a popular location for
fossil collectors. There was a beach below Aust CIiff, the upper foreshore of the beach was
rock, sand and stones, and the lower foreshore was mud and salt marsh. The beach was
used by walkers and dog walkers and was reported to be busy on hot summer days with rock

collectors, walkers, sunbathers and families.

Severn Road Bridge to Oldbury Power Station

The shore of the River Severn between the Severn road bridge and Oldbury power station
was a thin strip of salt marsh and mud. Access to the shore in this area was limited as were
activities. The sewage works, north of the Severn road bridge, was reported to be a popular
angling spot but there was no parking near by. The only public road area to the shore and car
parking in this area was at Littleton Warth. On the upper foreshore there was a footpath
along a grass embankment, and the lower foreshore was salt marsh and mud. It was
reported by locals to be a popular area for anglers, particularly for angling matches, although
no one was observed at the time of the survey. Local people were observed walking along
the salt marsh, but most stayed on the embankment, which was not tide washed. During the

survey, cattle were observed grazing on salt marsh at Littleton Warth.
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At Oldbury Pill there was a local yacht club with approximately 200 members. The club had
dinghies, sail boats, sailing cruisers, kite surfers and windsurfers. The larger yachts were
moored at Oldbury Pill, and the smaller dinghies were kept in a dry compound near the
clubhouse. The access road to the yacht club was private, although the public could walk

along the Severn Way to the shore.

Oldbury Power Station to Sharpness

North of Oldbury Pill is Oldbury power station, in front of which is a large tidal reservoir built to
ensure a constant supply of cooling water. Road access to the power station was limited and
parking was also limited to a few spaces in lay-bys along the road approaching the power
station. There were several footpaths and bridleways that led to the shore, including the
power station’s nature trail. The substrate along this stretch of the shore was salt marsh and
mud, and was backed by a grass embankment. It was reported that anglers used this stretch,
but this was restricted to a limited number due to difficult access. People used the area for

bird watching and walking but this was predominantly on the embankment.

The distance between Oldbury and Berkeley power stations is approximately 7 km. The
substrate along this stretch of the shore was mainly mud, interspersed with areas of rock and
large areas of sand were exposed at low tide. There were several farms along this section of
the shore. The salt marsh was used for grazing cattle, however, farmers were spending
minimal time on the salt marsh because the area was small. People were noted be walking

their dogs in this area.

Approximately 1 km north of Oldbury power station was a road leading to the River Severn at
Shepperdine, with a few car parking spaces. The Severn Path proceeded along the upper
foreshore but was not tide washed. The shore was salt marsh and mud, and cattle were
observed grazing on the salt marsh. No one was observed in this area at the time of the

survey. North of Shepperdine is Hills Flats, an area of mud, salt marsh and rock which was
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popular with wildfowlers, it was reported that at low tide the wildfowlers could shoot from a

distance of up to % km from the shore.

The area between Hills Flats and Berkeley power station was used for grazing cattle. The
shore at Berkeley power station could be accessed by footpath, and was predominantly used
by walkers and birdwatchers. North of Berkeley, a fisherman was noted to be netting for

brown shrimps (Crangon crangon) for non-commercial purposes.

Sharpness to Arlingham

Sharpness Dock, situated approximately 2.5 km north of the Berkeley site, was the only
commercial dock operating on the River Severn. There was a picnic area with parking at the
dock. The shore was mud and salt marsh with steep slopes and was fenced off so it was
difficult to reach the shore. There were large lock gates in operation that were inaccessible to
the public, with the exception of a small group of anglers that were permitted by British
Waterways to fish from the piers. A freshwater canal links the docks with Gloucester.
Between Sharpness and Frampton-on-Severn, the canal extends parallel to the shore of the
River Severn. A series of swing bridges were in operation along the canal to provide access
to the shore. There was a swing bridge at Purton, although this stretch of the river shore was

private.

From Sharpness to Frampton-on-Severn the substrate changed to predominantly sand. The
Slimbridge Wildfowl and Wetlands Trust was located north of Purton, and encompassed a
large area of salt marsh. Marsh wardens at the Trust were spending time fixing fences and
bird watching on the salt marsh areas, although most of this time was spent on grass that was
only tide washed during high tides. There was public access to the bird hides at Slimbridge
and most bird watchers were visitors to the area, but there were local regulars. Wildfowling
was popular at Frampton, on mud, salt marsh and rough grazing (where the river floods on

high tides). Access to the shore north at Frampton was mostly private, which limited other

30



activities. At Arlingham, the substrate became a mixture of mud and sand again, with large

areas of sand exposed in the middle of the river at low tide.

River Severn —west shore (west to east)

Portskewett to Beachley Point

There are two access roads at Portskewett, one at Sudbrook and one at Black Rock. At
Sudbrook there was limited parking on the road and a short footpath that led to the cliff. The
footpath extended along the top of the cliff but there were no paths down to the shore, limiting
activities in this area. Black Rock was the base for the Black Rock Lave Net Heritage
Fishery. Seven fishermen operated hand held lave nets from the shore at Black Rock, where
they waded into the pools of the river on the ebb tide. There was a car park and picnic area
close to the shore, with steps and a footpath down to the shore. The upper foreshore was
stones and mud with patches of salt marsh near the car park, rock and stones to the south,
and salt marsh to the north. At low tide, the lower foreshore was predominantly mud. The
main activities, with the exception of commercial fishing, were walking and dog walking,
predominantly on the grass path at the top of the embankment. Occasionally people were
dog walking on salt marsh and mud, rock and stone shore. Cattle were observed grazing on

salt marsh.

Three kilometres north of Black Rock is the mouth of the River Wye. The Wye had low lying
salt marsh at the lower reaches of the river and steep muddy banks further inland towards
Chepstow. There were several small boats moored in the river at Chepstow. It was reported
that there was a boat club at Chepstow, but no one was observed on any of the boats during

the survey. No other activities observed on the River Wye.
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Beachley Point to Lydney

On the east side of the mouth of the River Wye is Beachley Point. This was a popular
location for angling on salt marsh and could be reached by a bridleway from Beachley.
Angling was also popular on the salt marsh at Beachley where one angling club held regular
competitions. Under the Severn Road Bridge at Beachley, there was an unmanned inshore
rescue base and a slipway. The slipway was used to launch the inshore rescue boats and by

the public to launch boats and jet skis.

To the north of Beachley, the substrate was mud, sand, stones and salt marsh. Road access
between Beachley and Lydney was limited to a few private tracks. The only activity noted
along this stretch of the River Severn was commercial fishing for salmon (Salmo salar).
Putcher ranks (a line of funnel shaped fish traps constructed at right angles to the shore) were
identified at Aylburton Warth and lave netting (hand held fishing nets) was identified near

Alvington and Lydney.

Lydney to Bullo

Lydney Harbour is situated on a freshwater canal, with a lock system that separates the canal
from the River Severn. There was a sailing club at Lydney Harbour with approximately 80
members, 25% of which were enthusiastic sailors. The club members had dinghies and
cruisers. Members could launch their dinghies from a slipway without coming into contact
with the mud and cruisers were moored in the canal. Lydney Harbour was a popular area for
lave net fishermen, who accessed the shore from the slipway. Many people were walking

and dog walking at the harbour but only on the concrete quay as the shore was very muddy.

Between Lydney and Bullo, the substrate was a mixture of sand and mud interspersed with
stones and rock. The only activities identified in this stretch of the River Severn were salmon
fishing and wildfowling. Lave letting was reported to occur at Gatcombe, a small hamlet with

parking space for a few cars. The shore was accessed by crossing a railway track and steps
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to the shore. This was an access point for lave netters who waded into the river on an ebb
tide. Putcher ranks were identified at Gatcombe and Poulton Court and wildfowling was

identified occurring at Poulton Court.

Bullo to Broadoak

Bullo is an old harbour, with limited parking and access to the shore through a private yard.
There was a steel hulled houseboat at Bullo and it was reported that the boat was
permanently occupied, however, no one was on board at the time of the survey. Bullo was

not a well-used area as there was no easy access to the shore.

Newnham is a village situated on the shore of the River Severn. There was good access
from the main road and parking in village. There was a steep grass riverbank and a muddy
shore. There was a path along the top of the bank but the bank was too steep to walk down

to the shore. Activities at Newnham included putcher rank fishing and beachcombing.

4.2 Commercial fisheries

The main fishing effort in the survey area was for salmon, with most of the fishing activity
occurring on the western shore of the River Severn. Two Environment Agency licensed
methods were identified, which were putcher ranks and lave nets. Putcher ranks are fixed
engines, which are constructed at right angles to the shore to create a line of traps to catch
salmon on the ebb tide. The traps are made from willow and hazel and are funnel shaped.
Putcher ranks were identified at Broadoak, Aylburton Warth and Poulton Court. Lave nets are
hand held nets carried by fishermen when they wade into the river to catch salmon on the out
going tide. Favourable locations for lave netting were Black Rock, Alvington, Lydney and
Gatcombe. It was reported that approximately 13 people were using lave nets on upper
stretch of River Severn and seven at Black Rock. Draft netting was identified in the previous
survey but was not identified in 2007. One fisherman was identified with a draft net licence

but had not fished by this method for many years.
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The salmon season commenced on June 1% and finished on August 31% (16th August for the
putcher ranks). However, due to flooding in the River Severn in the summer of 2007, the
putcher ranks of several fishermen were damaged and they had only been able to fish for two
weeks this season. Several other fishermen reported that they had not been fishing much

this season due to the floods and bad weather and many reported a bad season for salmon.

Commercial eel fishing was not identified in the survey area.

Other species of fish caught as a by-catch by the salmon fishermen included bass

(Dicentrarchus labrax) and flounder (Platichthys flesus).

Elver fishing was a popular activity on the River Severn from Sharpness north to Gloucester,
most of which was outside the survey area. The fishing season for elvers is generally
January/February to March/April, however this depends on environmental conditions.
Information about elver fishing was sought from Environment Agency staff and local people
because it was not the elver fishing season at the time of the survey. Approximately 370
licences to fish for elvers were issued by the Environment Agency for the River Severn. The
fishermen used dip nets with long handles whilst standing on the steep muddy banks of the
river. Two tides were sometimes fished, but in general fishermen preferred the night tide.
One company was identified who exported elvers live to Holland and Scandinavia to restock

rivers and fish farms.

Commercial fishing for crustaceans and the commercial collection of molluscs was not

identified in the survey area.
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4.3 Angling and hobby fishing

Shore angling was popular at certain locations, predominantly at the southern end of the
River Severn, including New Passage, Old Passage, Black Rock and Beachley. One angling
club was identified whose members regularly held angling matches around Beachley. No

boat anglers were identified during the survey.

The most abundant fish species caught in the winter by shore anglers in the area were cod
(Gadus morhua) and whiting (Merlangius merlangus), and in the summer the fish species

were bass, flounder, eel, Dover sole (Solea solea) and plaice (Pleuronectes platessa).

The only individuals fishing non-commercially for crustaceans were a putcher rank fisherman
and a lave net fisherman, mentioned above, push netting for brown shrimps just north of the

Berkeley power station and at Lydney.

The non-commercial collection of molluscs was not identified in the survey area. It was
reported that winkles (Littorina littorea) were occasionally collected at Black Rock, but no one

was identified during the survey.

4.4 Wildfowling

One wildfowling club was identified whose members were shooting in the area covering 25
miles along both the east and west shores (more on the west than the east) of the River
Severn. This covered the area from the Severn crossing to Lydney including the Awe
peninsula on the west shore, and Frampton, Shepperdine and Hills Flats on the east shore.
The club had approximately 150 members, half of which were enthusiastic wildfowlers. The
club shot all duck species (except Goldeneye) and the main duck species being shot were
mallard (Anas platyrhynchus), teal (Anas crecca), wigeon (Anas penelope), pintail (Anas
acuta), and gadwall (Anas strepera). The main goose species being shot were Canada,

Graylag and European geese.

35



4.5 Other Pathways

The consumption of seaweed by humans or animals and the use of seaweed as fertiliser
were not identified. Several people reported that they had used seaweed as fertiliser years

ago but not at present.

Two farmers were identified as grazing cattle on salt marsh in the aquatic survey area. One
farmer grazed cattle on salt marsh between the Oldbury and Berkeley power stations and the
other grazed cattle north of the Berkeley power station. The salt marsh in both areas were
also in the terrestrial survey area. Cattle were sold to Cirencester and Ross markets. The

farmers and their families were consuming beef from these farms.

No other unusual pathways were identified.

4.6 Wholesalers and retailers

Seafood retailers were interviewed to ascertain the quantities and species of fish and shellfish
that were supplied from local sources. One main wholesaler was identified, just outside the
survey area, who purchased salmon and bass from the lave net and putcher rank fishermen.
One company was identified who bought elvers from the fishermen in the River Severn. The

elvers were being exported live to Holland and Scandinavia to restock rivers and fish farms.

4.7 Food consumption data

Consumption data for local aquatic foodstuffs and salt marsh grazed cattle are presented in
Tables 3 to 6 for adults and in Tables 7 and 9 for children. The tables include the mean
consumption rates of the critical group together with the observed 97.5" percentile rates
calculated as described in Section 3.2. For purposes of comparison, the data are
summarised in Table 10 for adults and Tables 11 to 14 for children (15-year-olds, 10-year-

olds, 5-year-olds and 1-year-olds respectively). The summary tables also include mean rates
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and 97.5" percentile rates based on national data (referred to as ‘generic’ data in this report).

No generic data are available for the 5-year-old and 1-year-old age groups.

Adults’ consumption rates

Adults were found consuming foods from the following four food groups: fish, crustaceans,
wildfowl and salt marsh grazed cattle. The people consuming the greatest quantities of food
from the aquatic survey area were commercial fishermen, shore anglers, wildfowlers, farmers

and families of each of these groups.

The predominant species of fish consumed by adults were eel, cod, whiting, bass and
flounder with smaller quantities of salmon, Dover sole, conger eel, grey mullet, and plaice. A
critical group of 19 individuals was identified with a maximum consumption rate of 20 kg/y and
a mean of 14 kgly. The observed 97.5" percentile rate based on 39 observations was 20
kgly. This compares with the adult generic mean and 97.5" percentile consumption rates for
fish of 15 kg/y and 40 kgly respectively. The percentage breakdown of species eaten by the
critical group was 65% eel, 20% cod, 5% bass, 5% whiting and 5% other species as named in
Table 3. These percentages, rounded to the nearest 5%, are based on the total amount of

fish consumed by the critical group.

The only species of crustaceans consumed by adults was brown shrimps. One individual was
identified in the critical group with a consumption rate of 2.7 kg/ly. The observed 97.5"
percentile rate based on two observations was 2.7 kg/y. This compares with the adult generic
mean and 97.5" percentile consumption rates for crustaceans of 3.5 kg/ly and 10 kgly

respectively.

The consumption of molluscs was not identified.

The species of wildfowl consumed by adults were mallard, teal, wigeon, pintail and goose. A

critical group of three individuals was identified with a maximum consumption rate of 6.1 kg/y
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and a mean of 3.4 kgly. The observed 97.5" percentile rate based on nine observations was
5.3 kg/ly. No generic data are available for this food group. The percentage breakdown of
species, rounded to the nearest 5%, eaten by the critical group was 60% mallard, 20% goose

10% wigeon, 5% pintail and 5% teal.

The consumption of marine plants/algae was not identified.

For salt marsh grazed beef a critical group of two individuals was identified with an equivalent
maximum consumption rate of 47 kgly, therefore a mean of 47 kgly. The observed 97.5"
percentile rate based on eight observations was 47 kgly. No generic data are available
specifically for salt marsh grazed beef, however, a comparison can be made with generic
consumption rates for beef of which the adult generic mean and 97.5th percentile are 15 kgly

and 45 kgly respectively.

Children’s consumption rates

15-year-old age group

Children in the 15-year-old age group were found to be consuming fish. No consumption was

identified for the following five food groups: crustaceans, molluscs, wildfowl, marine

plants/algae and salt marsh grazed cattle.

For fish, a one individual was identified with a consumption rate of 0.9 kg/y. This compares

with the generic mean rate for fish of 6.5 kg/y. The observed 97.5" percentile rate is not

applicable for one observation.
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10-year-old age group

Children in the 10-year-old age group were found consuming fish, wildfowl and salt marsh
grazed cattle. No consumption was identified for the following three food groups:

crustaceans, molluscs and marine plants/algae.

For fish, a critical group of two individuals was identified with identical consumption rates,
therefore a maximum consumption rate of 0.3 kg/y and a mean of 0.3 kgly. The observed
97.5" percentile rate based on two observations was 0.3 kgly. This compares with the
generic mean and 97.5" percentile consumption rates for fish of 6.0 kg/ly and 20 kgly

respectively.

For wildfowl, a critical group of two individuals was identified with a maximum consumption
rate of 1.6 kg/y and a mean of 1.3 kg/y. The observed 97.5" percentile rate based on four

observations was 1.6 kg/y. No generic consumption rates have been derived for this age

group.

For salt marsh grazed cattle a critical group of two individuals was identified with a maximum
equivalent consumption rate of 19 kgly, therefore a mean of 19 kg/ly. The observed 97.5"
percentile rate based on nine observations was 19 kg/y. No generic consumption rates have
been derived for this age group.

5-year-old age group

No children in the 5-year-old age group were noted to be consuming any local aquatic

foodstuffs or salt marsh grazed cattle.
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1l-year-old age group

No children in the 1-year-old age group were noted to be consuming any local aquatic

foodstuffs or salt marsh grazed cattle.

3-month-old age group

No children in the 3-month-old age group were noted to be consuming any local aquatic

foodstuffs or salt marsh grazed cattle.

4.8 Intertidal occupancy

Intertidal occupancy rates for adults and children are presented in Table 15 and Table 16,
respectively. The table includes data on occupancy over the following seven different types
of substrate: mud; mud and sand; mud and stones; mud, sand and stones; rock; salt marsh;

sand and stones. Critical group rates are shown in bold.

Adults’ intertidal occupancy

The maximum occupancy rate recorded over mud was 78 h/y for one wildfowler. No other
individuals had occupancy rates within a factor of three of this. This provides a mean

occupancy rate for this group of 78 hly.

The maximum occupancy rate recorded over mud and sand was 272 h/y for two commercial
putcher rank fishermen. No other individuals had occupancy rates within a factor of three of

this, so the mean occupancy rate for this group is 272 hly.

The maximum occupancy rate recorded over mud and stones was 400 h/y for one shore
angler. No other individuals had occupancy rates within a factor of three of this, so the mean

occupancy rate for this group is 400 hly.
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The maximum occupancy rate recorded over mud, sand and stones was 120 h/y for two
commercial putcher rank fishermen. No other individuals had occupancy rates within a factor

of three of this, so the mean occupancy rate for this group is 120 hly.

The maximum occupancy rate recorded over rock was 10 h/y for five fossil hunters. No other
individuals had occupancy rates within a factor of three of this, so the mean occupancy rate

for this group is 10 hly.

The maximum occupancy rate recorded over salt marsh was 730 h/y for a dog walker. Four
anglers and one birdwatcher had occupancy rates within a factor of three of this. This

provides a mean occupancy rate for this group of 430 hly.

The maximum occupancy rate recorded over sand and stone was 84 h/y for a beachcomber.

Two dog walkers had occupancy rates within a factor of three of this. This provides a mean

occupancy rate for this group of 80 hly.

Children’s intertidal occupancy

15-year-old age group

The maximum occupancy rate recorded over rock was 10 h/y for three fossil hunters. No

other individuals were identified over rock, so the mean occupancy rate for this group is 10

hly.

The maximum occupancy rate recorded over salt marsh was 80 h/y for a walker. No other

individuals had occupancy rates within a factor of three of this, so the mean occupancy rate

for this group is 80 hly.
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The maximum occupancy rate recorded over sand and stone was 10 h/y for three walkers.
No other individuals were identified over sand and stone, so the mean occupancy rate for this

group is 10 hly.

10-year-old age group

The only occupancy rate recorded over rock was 10 h/y for one fossil hunter. No other

individuals were identified over rock, so the mean occupancy rate for this group is 10 hly.

The maximum occupancy rate recorded over salt marsh was 80 h/y for a walker. No other

individuals had occupancy rates within a factor of three of this, so the mean occupancy rate

for this group is 80 hly.

The maximum occupancy rate recorded over sand and stone was 12 h/y for a walker. Three

walkers had occupancy rates within a factor of three of this. This provides a mean occupancy

rate for this group of 8 hly.

5-year-old age group

The only occupancy rate recorded over salt marsh was 80 h/y for a walker. No other

individuals were identified over salt marsh, so the mean occupancy rate for this group is 80

hly.

1l-year-old and 3-month-old age groups

No children in the 1-year-old or 3-month-old age group were identified spending time on

intertidal areas.
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Gamma dose rate measurements

Representative gamma dose rate measurements at 1 m above the substrate were taken over
mud, mud and sand, stones, and salt marsh. These measurements (shown in Table 17)
ranged from 0.065 to 0.082 uGy/h over mud, and 0.069 to 0.084 uGy/h over salt marsh.
Measurements were 0.099 uGy/h over mud, sand and stones, and 0.063 uGy/h over stones.
The data in Table 17 (where comparison can be made) are consistent to those reported by
the Environment Agency (EA, EHS, FSA and SEPA, 2007). Natural levels of around 0.05
HGy/h over sand and around 0.07 puGy/h over mud and salt marsh are expected. A value of

0.06 pGy/h is expected for all other substrate types.

4.9 Handling of fishing gear and sediment

Handling sediment while bait digging or mollusc collecting, or handling commercial fishing
gear, which has become entrained with fine sediment particles can potentially give rise to skin
exposure from beta radiation. Doses to the skin need consideration as there is a separate
dose limit for skin for members of the public. There is also a contribution to effective dose

due to skin exposure (ICRP, 1991).

Handling of angling equipment was not considered to be a significant pathway. Therefore, as

in previous surveys, data for this pathway were not collected.

Fishing gear can also be a source of whole body gamma exposure due to occupancy in the
vicinity of the gear. However, this pathway is minor compared with the same exposure
received during occupancy over intertidal areas and it has therefore been omitted from the

report.

Table 18 shows the times spent handling fishing gear and intertidal sediment recorded during

the survey.
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The maximum fishing gear handling rate recorded was 500 h/y for one commercial lave net
fisherman. One other commercial lave net/putcher rank fishermen had fishing gear handling
rates that came within a factor of three of this. This gives a mean handling rate for this group

of 350 hy.

The maximum sediment handling rate recorded was 78 h/y for a wildfowler. Three other
commercial putcher rank fishermen and one wildfowler had sediment handling rates that
came within a factor of three of this. This provides a mean handling rate for this group of 60

hly.

410 Water based activities

Activities taking place in or on the water can lead to ingestion of water and/or inhalation of
spray. These pathways are generally considered to be minor in comparison with other
exposure pathways such as the ingestion of foods produced in the vicinity of a nuclear site.
However, in order to enable dose assessment, relevant data have been collected. No

manipulation of the data (for example, calculating critical group rates) has been carried out.

Occupancy rates for activities taking place ‘on water’ in the survey area for adults and
children are shown in Table 19 and Table 20, respectively. No activities occurring in water
were recorded during the survey. Generic data for an inshore rescue boat crew were gained

through an interview with a representative of the crew.

Activities on the water

Activities taking place on the water around Berkeley and Oldbury included lave netting,
sailing, inshore boat rescue activities, and putcher rank fishing. Thirty-one observations were
recorded for adults and two observations were recorded for children. The highest occupancy
rate for adults was 500 h/y for a lave net fisherman and the highest occupancy rate for

children was 150 h/y for two children who were sailing.
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5 TERRESTRIAL RADIATION PATHWAYS

5.1 Terrestrial survey area

The terrestrial survey area covered all land and freshwater watercourses within 5 km of the
site centre of Berkeley (NGR ST 654 999) and Oldbury (NGR ST 605 945). The Berkeley and
Oldbury sites are located on the eastern shore of the River Severn, approximately 7 km apart.
Due to the close proximity of the Berkeley and Oldbury sites, there is an overlap of both
terrestrial survey areas (Figure 2); this forms an ellipse between the two sites. Figures 3 and
4 show the terrestrial survey areas for Berkeley and Oldbury, respectively. Due to the close
proximity of the sites, the gaseous discharges from the Berkeley and Oldbury sites are

considered together for the purposes of monitoring, habits surveys and assessments.

The terrestrial survey areas of both Berkeley and Oldbury are characterised by small towns
and numerous villages such as; Berkeley, Newtown, Wanswell, Ham, Newport and Stone,
near the Berkeley site; Oldbury-on-Severn and Littleton-on-Severn, near the Oldbury site.
The largest town is Lydney, situated within the Berkeley survey area on the western shore of

the River Severn.

The land in both survey areas was predominantly agricultural, with numerous working farms.
At the time of the last survey in 2001 there was a Foot and Mouth outbreak, after which many
farmers had culled their livestock. Since then, some farmers have restocked with the same
type of livestock, others have diversified and some have ceased farming. The terrestrial
survey areas of both sites are divided into two parts by the River Severn, which intersects
both areas from north-east to south-west. Areas of salt marsh were identified along the
eastern shores of the River Severn that were being used by farmers as rough grazing for

cattle.
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Nineteen farms were identified in the Berkeley survey area. Of these:

Five produced beef cattle

Two produced beef cattle and dairy cattle

One produced beef cattle, dairy cattle and potatoes
Seven produced dairy cattle

One produced deer

Two produced sheep

One produced arable and a small quantity of beef cattle

One farm was identified in the overlap area, which produced beef cattle.

Fifteen farms were identified in the Oldbury survey area. Of these:

In both the Berkeley and Oldbury areas, beef cattle and lamb were sold at Worcester,
Highbridge and Cirencester markets and sold directly from two farms. Beef cattle were also
sold to an abattoir outside the 5 km area. Milk was sold to Dairy Crest and the Organic Milk
Cooperative. Milk was also sold to Cadbury. Eggs were sold from the farms and through
local shops. Venison was sold from the farm and to local shops. Most of the farms produced
arable crops (grass, wheat, oats, maize, barley, beans) for animal feed.
produced crops for human consumption, which were malting barley for whisky or beer, and

wheat, barley and maize for milling. Apples were made into cider, which was sold from the

farm.

One produced apples for cider

Six produced beef cattle

Two produced beef cattle and dairy cattle

One produced beef cattle, dairy cattle and sheep
One produced beef cattle, dairy cattle and eggs
Two produced dairy cattle

One produced sheep and eggs

One produced eggs
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Farmers and their families from both sites were consuming beef, lamb, pork, chicken, eggs

and milk from their own farms.

Three allotment sites were located in the Berkeley area, at Oakhunger, Newtown and
Brookend. All three of the allotment sites were well maintained. At Oakhunger, there were
approximately 20 plots in use. Newtown allotments had approximately 30 plots in use and
Brookend had approximately 20 plots, of which only 10 were in use. People were growing a
wide range of fruit and vegetables. Chickens were being kept for eggs at Newtown. There
were no allotment sites identified in the Oldbury survey area. In both the Berkeley and
Oldbury areas, there were many private gardens with a large range of fruit and vegetables
being produced and the owners were selling fruit and vegetables from their door. Individuals
at two private houses were identified as keeping chickens and producing eggs for their own

consumption.

Three beekeepers were identified in the survey area. Two beekeepers had four hives each
and one had between 20 — 30 hives, these were located near the villages of Stone, Newport
and Halmore, and spread out over the survey area. The average production of honey per
hive per year was 20 kg, although one beekeeper reported a particularly bad year with honey
production at 7 kg per hive. The beekeepers and their families consumed honey from their
hives. Excess was given to friends or sold to from their door. Some was also sold to shops

and markets outside the survey area.

The consumption of wild foods included blackberries, elderberries, greengages, hazelnuts,
mulberries, nettles, sloes, and mushrooms. Game from within the survey area was
consumed, which included pheasant, pigeon, rabbit and venison. One private pheasant shoot

was identified on farmland in the survey area.

No households were identified using groundwater or surface water as their domestic supply.

Livestock were identified as drinking pond, stream, well or borehole water at seven farms.
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There was one freshwater trout fishery in the survey area, located to the east of the Berkeley
site. The trout lake was stocked with approximately 90% rainbow trout (Oncorhynchus
mykiss), 5% brown trout (Salmo trutta) and 5% blue trout (Oncorhynchus mykiss) (a colour
variant of rainbow trout). Rainbow trout and blue trout were caught for consumption, brown
trout was for catch and release only. Twelve individuals were identified consuming rainbow

trout from the trout lake.

5.2 Unusual pathways

Transfer of radioactive contamination from the site into the surrounding area by wildlife was
investigated. Representatives from Berkeley and Oldbury were asked about wildlife that could
act as carriers for the transfer of radioactivity off site. Rabbits and pigeons were observed on
both sites. At Berkeley, there was not a culling policy and wildlife was not considered to be a
problem. At Oldbury, the policy was to use falcons to scare pigeons. A culling programme was
in place to control the rabbit population. Members of the public who lived in the survey area

were consuming pigeons and rabbits that were shot within the terrestrial survey area.

5.3 Wholesalers and retailers

Retailers and wholesalers were interviewed in order to find out whether they were selling
produce from within the survey area. Five outlets in total were visited, which were a farm
shop, a village shop, a baker, a butcher and a cafe. The following outlets were selling
produce from within the terrestrial survey area: the butcher was selling beef and lamb; and

the farm shop was selling sausages, beef, lamb, potatoes, and ice cream from the farm.

5.4 Food consumption data

Consumption data for locally produced foodstuffs potentially affected by gaseous discharges

are presented in Tables 21 to 37 for adults and Tables 38 to 53 for children. These tables

include the mean consumption rates of the critical groups together with the observed 97.5M
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percentile rates calculated (as described in Section 3.2). For comparison purposes, the data
are summarised in Table 10 for adults and in Tables 11 to 14 for children (15-year-olds, 10-
year-olds, 5-year-olds and 1-year-olds, respectively). No children in the 3-month-old age
groups were noted to be consuming locally produced foods potentially affected by gaseous

discharges.

In order to provide information relevant to surveillance and assessments studies, the
consumption rate data collected during the survey were analysed to indicate which food types
most commonly contributed to each food group. The data are summarised in Table 54.
Those food types (in Table 54) that are bold and italicised were sampled as part of the 2006

Food Standards Agency monitoring programme (EA, EHS, FSA and SEPA, 2007).

Adults’ consumption rates

Consumption of locally produced foods was identified in the following 17 food groups: green
vegetables, other vegetables, root vegetables, potato, domestic fruit, milk, cattle meat
(excluding salt marsh grazed cattle), pig meat, sheep meat, poultry, eggs, wild/free foods,
rabbits/hares, honey, wild fungi, venison and freshwater fish. No consumption of local cereals

was identified.

Critical group mean consumption rates were found to be greater than the generic 97.5"
percentile consumption rates for milk and sheep meat. A further nine critical group mean
consumption rates exceeded the generic mean consumption rates. These were for green
vegetables, other vegetables, root vegetables, potato, domestic fruit, cattle meat, pig meat,
eggs and honey. Five observed 97.5" percentile consumption rates exceeded the generic
975" percentile consumption rates. These were for root vegetables, milk, cattle meat, sheep

meat and eggs.
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Children’s consumption rates

15-year-old age group

Six children in this age group were identified to be eating locally produced food. Consumption
was identified in the following 15 food groups: green vegetables, other vegetables, root
vegetables, potato, domestic fruit, milk, cattle meat, pig meat, sheep meat, poultry, eggs,
wild/free foods, rabbits/hares, wild fungi and venison. No consumption was identified for
honey, freshwater fish and local cereals. Critical group mean consumption rates were found
to be greater than the generic 97.5" percentile consumption rates for pig meat and sheep
meat. A further six critical group mean consumption rates exceeded the generic mean
consumption rates. These were for green vegetables, other vegetables, root vegetables,
milk, cattle meat and eggs. Two observed 97.5" percentile consumption rates were greater
than the generic 97.5" percentile consumption rates. These were for pig meat and sheep

meat.

10-year-old age group

Twenty-one children in this age group were identified as eating locally produced food.
Consumption was identified in the following 15 food groups: green vegetables, other
vegetables, root vegetables, potato, domestic fruit, milk, cattle meat, pig meat, sheep meat,
poultry, eggs, wild/free foods, rabbits/hares, honey and wild fungi. No consumption was
identified for venison, freshwater fish and local cereals. Critical group mean consumption
rates were found to be greater than the generic 97.5" percentile consumption rates for pig
meat and sheep meat. In six food groups, the critical mean consumption rates were higher
than the generic mean consumption rates. These were for green vegetables, other
vegetables, milk, cattle meat, eggs and honey. Two observed 97.5" percentile consumption
rates were greater than the generic 97.5" percentile consumption rates. These were for

sheep meat and eggs.
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5-year-old age group

Five children in this age group were identified as eating locally produced food. Consumption
was identified in the following 15 food groups: green vegetables, other vegetables, root
vegetables, potato, domestic fruit, milk, cattle meat, pig meat, sheep meat, poultry, eggs,
wild/free foods, rabbits/hares, honey, and wild fungi. No consumption was identified for
venison, freshwater fish and local cereals. No generic 97.5" percentile or generic mean
consumption rates have been determined for this age group so no comparisons with the

corresponding observed rates are possible.

1-year-old age group

Three children in this age group were identified as eating locally produced food.
Consumption was identified in the following 15 food groups: green vegetables, other
vegetables, root vegetables, potato, domestic fruit, milk, cattle meat, pig meat, sheep meat,
poultry, eggs, wild/free foods, rabbits/hares, honey, and wild fungi. No consumption was
identified for venison, freshwater fish and local cereals. No generic 97.5 g percentile or
generic mean consumption rates have been determined for this age group so no comparisons

with the corresponding observed rates are possible.

3-month-old age group

No children in the 3-month-old age groups were noted to be consuming locally produced

foods.
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6 DIRECT RADIATION PATHWAYS

6.1 Direct radiation survey area

The direct radiation survey areas are shown in Figures 3 and 4 for Berkeley and Oldbury,
respectively. The direct radiation survey areas covered all land within 1 km of the Berkeley
and 1 km of the Oldbury licensed site boundaries. The occupancy data collected from the
direct radiation survey area is also applicable to direct exposure arising from gaseous

releases from the site.

To the north-west, west and south-west of the Berkeley and Oldbury sites, the direct radiation
survey area is riverine and includes the intertidal foreshore. The upper foreshore was a
gradual sloping bank of rough grass and salt mash, which led to the lower foreshore of mud,
sand and rock. Within both the Berkeley and Oldbury direct radiation survey areas, the land

to the north-east, east, south and south-west was predominantly farmland.

At Berkeley, the area was sparsely populated with four residences located to the east of the
site and one residence located to the south. Access to the area was limited to one main road
to the east of the site, which links the site to the town of Berkeley. A public footpath (the
Severn Way) traversed the survey from north to east, following the course of Berkeley Pill
away from the River Severn, then from east to south-west, towards the power station and
back to the shore of the River Severn across farmland. It was reported that walkers and dog

walkers used the Severn Way, however, no one was observed at the time of the survey.

Within the Oldbury direct radiation survey area there were small clusters of residential areas
to the north-east, east and south-east of the site. Access to the area was limited to two main
roads, one that transected the area from the north-east to south-east and one that linked the
Oldbury site with Oldbury Naite to the south-east of the site. There were many public
footpaths over farmland, one of which, the Severn Way, followed the upper foreshore

between the Oldbury site and the River Severn. It was reported that the footpaths in the area
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were used by walkers, dog walkers, and bird watchers. Angling was reported to occur on the

shore in front of the Oldbury site.

6.2 Residential activities

Berkeley

The Berkeley direct radiation survey area was sparsely populated with only five residences.
Three residences were within the 0 — 0.25 km zone and two were within the >0.5 — 1.0 km
zone. Interviews were conducted at three residences. At the time of the survey one
residence was unoccupied and members of one household were unavailable for an interview.

No children were identified in the Berkeley direct radiation survey area.

Oldbury

Eleven residences were identified in the Oldbury direct radiation survey area. Four
residences were within the 0 — 0.25 km zone, three were within the >0.25 km to 5.0 km zone
and four residences were within the >0.5 — 1.0 km zone. Data were collected from all

residences, four of which were families with children.

6.3 Leisure activities

The only leisure activity observed in the Berkeley and Oldbury direct radiation areas at the
time of the survey was horse riding in the Oldbury area. The land in both of the survey areas
was predominantly farmland and the shore could only be accessed by footpaths, which

limited potential leisure activities.

Additionally, it was reported that walking and dog walking occurred around both sites.
Angling and bird watching were also reported to occur around Oldbury. There was a bird hide
that attracted birdwatchers near the lagoon south of the Oldbury site. The Oldbury Visitors
Centre is now closed to the public and it is only opened for invited guests. There were a few

nature trails close to the Oldbury site that were used by the public. There was an active
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sports and social club at Berkeley, which was open to members of the public as well as
employees of the Berkeley site. Leisure activities included football, cricket, tennis, horse
riding and clay pigeon shooting. No one was observed at the Berkeley sport and social club

at the time of the habits survey.

6.4 Commercial activities

In the Berkeley direct radiation survey area, one commercial business and one farm was
identified. There were 46 employees in total. In the Oldbury direct radiation survey area, two
commercial businesses and two working farms were identified. There were 37 employees in
total. No commercial fishermen were identified fishing in the direct radiation survey areas.
The commercial activities of the employees and contractors of the Berkeley and Oldbury

sites, whilst at work, were not included in the direct radiation survey.

6.5 Occupancy rates

Table 55 presents indoor, outdoor and total occupancy data for adults and children. An

analysis of the data by distance zones and occupancy rates is shown in Table 56.

0 - 0.25 km from the licensed site perimeter

Berkeley

Occupancy data were collected for four individuals in the 0 - 0.25 km zone. The observations
were a farmer, his family and a farm employee. The farmer and two residents had equivalent
highest total occupancy rates of 8200 h/y. One of these residents had the highest indoor rate

of 5320 h/y and the farmer and one resident had equivalent highest outdoor rates of 4380 hly.
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Oldbury

Occupancy data were collected for 13 individuals in the 0 - 0.25 km zone. The observations
were for eight residents, and five people that worked in the area. A resident had the highest
total occupancy rate of 8400 h/y and this resident also had the highest indoor rate of 8400

h/y. A farmer who also lived in the area had the highest outdoor rate of 1500 h/y.

>0.25 - 0.5 km from the site perimeter fence

Berkeley
No one was identified as occupying the >0.25 - 0.5 km zone in the Berkeley direct radiation

survey area.

Oldbury

Occupancy data were collected for 46 individuals in the >0.25 to 5.0 km zone. The
observations were for eight residents, and 38 employees and visitors. A resident had the
highest total occupancy rate of 7700 h/y and this resident also had the highest outdoor rate of

3500 h/y. Another resident had the highest indoor rate of 6600 hly.

>0.5 - 1.0 km from the site perimeter fence

Berkeley

Occupancy data were collected for 46 people in the >0.5 - 1.0 km zone. The observations
were for one farmer who lived and worked in the area, and 45 employees of a company in the
area. The farmer had the highest total occupancy rate of 8500 h/y. This farmer also had the

highest indoor rate of 4900 h/y and outdoor rate of 3600 h/y.
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Oldbury

Occupancy data were collected for 11 people in the >0.5 - 1.0 km zone. All of these
observations were residents, one of which was also a farmer. The highest total occupancy
rate was 8400 h/y. A different resident had the highest indoor rate of 7600 h/y and the farmer

had the highest outdoor rate of 3900 h/y.

6.6 Gamma dose rate measurements

Table 57 presents gamma dose rate measurements for the Berkeley and Oldbury direct
radiation survey areas. Representative gamma dose rate measurements were taken at a
height of 1 metre both inside and outside residences and at outdoor background locations
outside the direct radiation survey area. Outdoor measurements were taken approximately 5
to 10 metres from the nearest buildings, and the background measurements were taken over
rough grass, in or near fields. It should be noted that the measurements taken at residences

have not been adjusted for natural background dose rates.

In the Berkeley survey area, one outdoor measurement was taken over grass, which was
0.084 uGy/h and one indoor measurement over concrete, which was 0.098 uGy/h. In the
Oldbury survey area, six outdoor measurements were taken over grass, which ranged from
0.065 to 0.083 uGy/h. Six indoor measurements, over concrete and tiles, ranged from 0.069
to 0.096 pGy/h. Outside the survey area, background readings over grass ranged from 0.069
to 0.079 uGy/h. The outdoor measurements taken during the survey were slightly higher than

these background measurements.

Comprehensive studies of background radiation have been carried out on a national scale by
the Radiation Protection Division of the Health Protection Agency (previously the National
Radiological Protection Board), the most recent of these being a review conducted in 2005
(Watson et al, 2005). The results from this review could be used for comparison with the data

collected during the survey.
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7 COMBINED PATHWAYS

In determining habits data for the purposes of assessing radiological doses to the public, it
may be necessary to consider a combination of pathways. Data are provided in Annexes 1
and 2 so that the full effect of combining pathways can be assessed for individual
observations, given the concentrations and dose rates for a particular assessment. In some
circumstances, it will be possible to make simplifying assumptions and define the
consumption and external exposure rates appropriate to a series of potential critical groups.
Such assumptions will depend on the assessment in question but some initial observations

are provided here as a starting point for those undertaking assessments.

The most extensive combinations of pathways for adult dose assessment are shown in Table
58. Each of the 24 combinations shown in Table 58 represents an actual individual (or
individua