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FOREWORD

The Radioactive Substances Act 1993 provides for controls to be exercised over the keeping
and use of radioactive materials and, in particular, on the accumulation and disposal of
radioactive wastes. The Environment Agency is responsible for administration and enforcement
of the Act in England and Wales. In support of these regulatory functions and as part of the
UK Government's arrangements for providing information to the European Commission under
the EURATOM Treaty, the Agency commissions independent monitoring of radioactive waste
disposals and their impact on the environment, and monitoring of radioactivity in air,
rainwater and drinking water sources.

This report presents the data from these monitoring programmes and provides a commentary
on their significance. It includes assessments of radiation exposure of members of the public
for compliance with the annual dose limit recommended by the International Commission on
Radiological Protection. Concentrations of radioactivity in water are also assessed in relation to
the guidelines on drinking water quality recommended by the World Health Organisation.

This report for 1996 is one of an annual series published by the Agency. It is being distributed
to local authorities as part of the arrangements under the Radioactive Substances Act 1993 for
provision of access to environmental information.

The monitoring programmes and preparation of this report are managed by the Agency's
National Compliance Assessment Service*.

Dr Allan Duncan
Director of Environmental Protection

* National Compliance Assessment Service, Cameron House, White Cross Industrial Estate, South Road,
Lancaster LAl 4XQ



EXECUTIVE SUMMARY

This report presents the results from the Environment Agency's monitoring of radioactivity in
the environment during 1996. Monitoring programmes were carried out in support of the
Agency's regulatory functions under the Radioactive Substances Act 1993 and as part of the
UK Government's obligations under the Euratom Treaty.

The programmes included:

« effluent monitoring;

« the quality checking of solid waste disposals;

e environmental monitoring;

« the monitoring of radioactivity in air and rainwater;

» the monitoring of radioactivity'in drinking water sources.

A total of 160 effluent samples were analysed for nearly 900 determinands, two consignments
of solid radioactive waste destined for disposal at British Nuclear Fuels' site at Drigg were
checked, direct instrumental monitoring was carried out at 150 locations within the vicinity of
nuclear sites, and 532 environmental samples were analysed for over 2,000 determinands.

Effluent monitoring

The Agency requires operators of certain sites to provide samples of their liquid effluents for
independent analysis. The results are compared with reports submitted by site operators. The
majority of results showed satisfactory agreement; operators' values were frequently higher
than the Agency's measurements indicating that they were not under-reporting. However,
some discrepancies were found and are being investigated.

Quality checking of solid waste disposals. -

Consignments of solid low level radioactive waste are seized by inspectors for examination at
the Agency's Waste Quality Checking Laboratory. Sophisticated non-destructive and
destructive analytical techniques are used at the laboratory to check the radioactive content
and description of the wastes. Consignments of waste from the Atomic Weapons
Establishment at Aldermaston and Amersham International at Amersham were examined. In
both cases the operators reported higher activity than the Agency's laboratory. The
consignments also conformed with the operators' disposal authorisations except for the
presence of aerosol canisters in waste from both sites and a small quantity of free liquid in the
Amersham waste.

Environment monitoring

Instrumental surveys of radiation levels and laboratory analyses of samples collected mainly
within the vicinity of nuclear sites are carried out. The results are used to assess the exposure
of members of the public to radiation from non-food pathways, such as might arise from the
occupation of beaches, river banks and inter-tidal areas. (MAFF undertake monitoring of
radioactivity in foodstuffs.) Radiological assessment of the results confirmed that exposures
remained similar to.those in previous years and in all cases were substantially less than the
dose limit of 1 milliSievert per year. As in previous years elevated levels of tritium were
observed in leachates from a number of landfill sites. Although higher than expected the
elevated levels do not pose a radiological hazard.



Radioactivity in air and rainwater

This routine monitoring programme has been carried out for many years to provide
information on radioactivity in air and deposited in rainwater. Airborne dust and rainwater
were sampled continuously at locations throughout the UK. The concentrations in air of
beryllium-7, a naturally occurring radionuclide formed by cosmic rays in the upper
atmosphere, caesium-1 37, plutonium 239+240 and americium-241 were very low and similar
to results recorded since 1990. Caesium-1 37 was undetectable in rainwater, and the
concentration of tritium, plutonium 239+240 and americium-241 were at low levels, as
expected.

Radioactivity in drinking water sources

This routine monitoring programme has also been carried out for many years. Samples of
water were provided by the water companies from 32 sources comprising reservoirs, rivers and
groundwater boreholes providing drinking water to over 10 million people. The results show
that all the monitored sources are generally below the World Health Organisation's (WHO)
guideline values for radioactivity in potable water. In the few cases where slight exceedance of
the WHO values were found, further assessments showed that these were attributable to the
local geology, or were of a transitory nature not confirmed by other analyses, and were
radiologically insignificant.



1 INTRODUCTION

11 The Radioactive Substances Act 1993
provides for controls to be exercised over the
use and keeping of radioactive materials and
the accumulation and disposal,of radioactive
wastes. The Environment Agency (the
Agency)* is responsible for administration
and enforcement of the Act in England and
Wales. In support of these regulatory
functions the Agency commissions
independent monitoring of radioactive waste
disposals and their impact on the
environment.

12 The Agency also manages
programmes monitoring radioactivity in air
and rainwater, and in water sources used for
public water supplies. These programmes are
managed on behalf of the Department of the
Environment, Transport and the Regions
(DETR). Together with the Agency's
regulatory monitoring they form part of the
UK Government's arrangements for meeting
its obligations under the Euratom Treaty to
monitor radioactivity in air, soil and water
and provide data periodically to the European
Commission.

13 This report presents a comprehensive
summary and radiological assessment of the
results from monitoring undertaken in 1996.

2. BACKGROUND

21 Discharges of radioactive wastes to
the environment may only be made (subject
to certain exemptions) in accordance with
authorisations issued under the Radioactive
Substances Act. Certain premises are exempt
from this requirement, notably those
occupied on behalf of the Crown for defence
purposes. In these cases discharges are made
in accordance with approvals which apply
the same standards as authorisations.

2.2 During 1996 there were over 1,100

premises in England and Wales authorised to
discharge radioactive wastes. Details of these
authorisations can be viewed at the relevant

Agency and local authority offices. The
majority consisted of hospitals, universities
and industrial, research or manufacturing
centres.

Nuclear sites

2.3 Sites licensed under the Nuclear
Installations Act 1965 and known as nuclear
sites are also authorised to discharge
radioactive wastes. They include nuclear
power stations, nuclear fuel fabrication and
reprocessing plants, research establishments
and isotope production centres. Discharges
from these sites are generally more
radiologically significant than for the
premises referred to at 2.2.

2.4 In addition to specifying numerical
limits, in authorisations, on the amounts of
radioactivity which may be discharged as
waste to the environment, the Agency
requires operators to employ the best
practicable means (bpm) to limit the
radioactive content of discharges. The
Agency also requires operators to carry out
appropriate monitoring of their discharges
and the environment in the vicinity of their
sites to demonstrate the effectiveness of these
controls. Detailed results from this
monitoring can be viewed at the relevant
Agency and local authority offices. A
summary of the data on discharges to the
environment is reproduced in Table 1.
Further details can also be found in the
annual reports published by the nuclear site
operators.

3. AGENCY MONITORING

31 The Agency commissions its own
monitoring to provide checks on site
operators' data and an independent
assessment of the exposure of the public
from non-food pathways. (When determining
its monitoring programmes the Agency takes
into account monitoring of radioactivity in
foodstuffs and the foodchain carried out by
MAFF(1).) The Agency's programmes consist
of:

*The Environment Agency was established on 1 April 1996 by bringing together Her Majesty's Inspectorate of
Pollution, the National Rivers Authority, the Waste Regulation Authorities of England and Wales and elements

of the Department of the Environment.



« effluent monitoring involving the
analyses of effluents

 the quality checking of solid waste
disposals

e environmental monitoring.

The Agency also manages the following
monitoring programmes on behalf of the
DETR:

« radioactivity in air and rainwater
« radioactivity in drinking water
sources.

Effluent monitoring

3.2 The Agency requires operators of
certain sites to provide samples of their liquid
effluents for independent radiochemical
analysis. The results provided checks on site
operators' returns and insights into their
quality assurance (QA) procedures and
analytical techniques. During 1996 the
analyses were undertaken by the Laboratory
of the Government Chemist (LCC) at its
laboratories in Teddington, Middlesex. Details
of the methods of analysis are given in
Appendix 1. The sampling consisted of either
single spot samples or monthly or quarterly
bulked samples as appropriate. During 1996
a total of 160 samples were analysed
resulting in the reporting of results for nearly
900 determinands.

Waste quality checking

33 Independent checks are also carried
out on solid low level radioactive waste
destined for land disposal at the site operated
by British Nuclear Fuels pic (BNFL) at Drigg
in Cumbria. Consignments of waste are
seized by inspectors and sent to the Agency's
Waste Quality Checking Laboratory (WQCL)
at Winfrith in Dorset. During 1996 the
laboratory was staffed and operated by
Taywood Environmental Consultancy (TEC)
on behalf of the Agency. The results provide
checks on the descriptions and radioactive
contents of wastes declared by site operators
and insights into their QA and monitoring
procedures. During 1996 two consignments
of waste were seized by inspectors and sent
for examination at WQCL. The laboratory's

analytical methods are summarised in
Appendix 2, with further details of these and
other methods employed during destructive
examination presented in reference 2.

Environmental monitoring

34 A programme of monitoring of
radioactivity in the environment which could
lead to exposure of the public from non-food
pathways such as might arise from the
occupation of beaches, river banks or other
areas is also carried out. The programme
consists of a survey of radiation levels and
radiochemical and gamma-ray spectrometric
analysis of samples collected at specified
locations in the vicinity of certain nuclear
sites and industrial premises. During 1996
this monitoring was undertaken by the
Tracerco Group of ICI Chemicals and
Polymers Ltd in accordance with detailed
specifications.

35 Samples of environmental materials
were taken and direct instrumental
monitoring carried out at predetermined
locations, normally on a quarterly basis as
follows:

Quarter 1 1January to 31 March
Quarter 2 1 April to 30 june
Quarter 3 1 July to 30 September
Quarter 4 1 October to 31 December

The locations of the major nuclear sites
around which the majority of monitoring was
concentrated are shown in Figure 1.

3.6 The 1996 programme concentrated
on sampling environmental materials such as
water and associated sediments from ponds,
lakes, streams and rivers, in areas which may
be used by the public for leisure activities.
Samples were also taken from surface waters,
some of which are used as sources of potable
water, located in the vicinity of the major
nuclear sites.

37 Most of the samples were taken on a
spot basis, except for samples of water taken



Figure 1 Major nuclear sites



from the Thames Valley in the vicinity of
Harwell, Aldermaston and Amersham. These
were taken at weekly intervals over 13-week
periods and bulked prior to analysis. During
1996 the collection of a total of 340 samples
resulted in nearly 1,250 analyses being
performed, and the reporting of nearly 1,600
determinands.

3.8 The 1996 programme also included
monitoring of certain beaches and river
banks. A total of 154 locations were
monitored during the year resulting in the
reporting of nearly 300 individual results.

39 Contact beta/gamma monitoring of
debris at the most recent strand line was
carried out using a Mini-Instruments series
900 mini monitor with a beach monitoring
probe. Any item found with an activity level
in excess of 100 cps (taken to be equivalent
to 0.01 mSv h') would be removed to
Tracerco's laboratory for further investigation.

3.10 Gamma radiation dose rates were
also monitored by measuring the absorbed
dose rate in air (pGy h’) at one metre above
ground using a Mini-Instruments
Environmental Meter type 6-80 fitted with an
energy-compensated Geiger-Muller tube type
MC-71. The instrument had been calibrated
against a standard reference radium-226
source.

311  Analysis of the samples was carried
out by Tracerco at its laboratories at
Billingham. Total alpha and total beta
activities were measured and in many cases
these were supplemented by a range of other
analyses including gamma-ray spectrometry,
alpha spectrometry and specific radionuclide
determinations as appropriate. Further details
of the analytical methods are given in
Appendix 3.

Air and rainwater

3.12  Routine monitoring of radioactivity in
air and rainwater has been carried out for
many years. Samples of airborne particulate
material and rainwater are collected and
analysed. During 1996 this sampling and
analysis was undertaken by AEA Technology's

National Environmental Technology Centre.
The results provide information on the
activity concentrations of radionuclides in air
and the levels of radioactivity deposited in
rainwater. A detailed description of the
programme and the results is published
annually0* The results are provided to the
DETR for submission to the European
Commission under Article 36 of the Euratom
Treaty.

313 Airborne dust was sampled
continuously at seven locations at about one
metre above ground level. Filters are changed
each day at Chilton (Oxfordshire) and each
week at Aberporth (Dyfed), Conlig (Co

Down, NI), Dishforth (Yorkshire), Eskdalemuir
(Dumfriesshire), Lerwick (Shetland) and
Orfordness (Suffolk). Samples of rainwater are
collected at each of the seven air sampling
locations and at two additional locations at
Aldergove (Co Antrim, NI) and Snowdon
(Gwynedd). The sampling locations are
shown in Figure 2.

3.14  All samples were analysed quarterly
by gamma-ray spectrometry. Monthly
analysis was carried out on air and rain
samples from Chilton. Where appropriate,
additional samples are also analysed for
tritium and/or plutonium and americium. A
summary of the analytical methods is given
in Appendix 4 and further details can be
found in reference 4.

Drinking water sources

3.15  Routine monitoring of radioactivity in
water sources used for the supply of drinking
water has also been carried out for many
years(5). During 1996 samples of water were
provided by the water companies for analysis
by AEA Technology at Harwell laboratory
under its contract to the Agency. The results
provide information to the water companies
on the activity concentrations of
radionuclides in raw water sources and
supplementary data to the Agency on
exposure of the public. These results are also
provided to the DETR for submission to the
European Commission under Article 36 of the
Euratom Treaty.



Figure 2. Air and rainwater sampling sites

3.16 Samples of water were taken from 32
sources on a near-daily basis and bulked
overthree-month periods to provide
"quarterly bulks" for analysis. The "quarters"
coincided with those detailed at 3.5 for the
Agency's environmental monitoring

programme. The locations of the 32 sources
are shown in Figure 3.

317 The samples were analysed for gross
alpha and gross beta activities and a range of
specific radionuclides. Further details of the



Figure 3. Drinking water sampling sites

analytical methods are given in Appendix 5.

Contracting arrangements

3.18

The assessment of results and the

preparation of this report were undertaken
on behalf of the Agency by AEA Technology.
The Tracerco Group, LGC, TEC and AEA
Technology were awarded contracts
following competitive tendering.



4. RADIATION PROTECTION

STANDARDS

41 The radiation protection standards
against which the exposures of the public in
the UK are judged are set out in the White
Paper™ Cm 2919. Current UK practice is
based on the recommendations of the
International Commission on Radiological
Protection (ICRP) as set out in Publications
60(7) and endorsed by the National
Radiological Protection Board (NRPB)(&9).

4.2 Cm 2919 confirms that doses to
members of the public in the UK should be
limited to 1 mSv per year.

4.3 The ICRP also introduced the concept
of dose constraint for use in optimisation of
protection. When determining applications
for authorisations the Government has
accepted the advice of the NRPB that the
dose constraint for a single new source
should not exceed 0.3 mSv per year and that
in general it should be possible for existing
plant to be operated within this constraint.
Where the constraint cannot be met for
existing plant the operator must demonstrate
that the doses resulting from the continued
operation of the facility are as low as
reasonably achievable and within dose limits.
In addition, a "site constraint" of 0.5 mSv per
year should apply to the aggregate exposure
as a result of discharges from a number of
sources with contiguous boundaries at a
single location, irrespective of whether
different sources on the site are owned or
operated by different organisations.

4.4 In practice, the total exposure when
estimated from measurements of radiation
dose rates and levels of radionuclides in the
environment will contain contributions from
both current discharges and those that
occurred in earlier years, and may also
contain contributions from more than one
site. Consequently, wherever measured
results in this report have been used to
estimate the average effective dose to
representative members of a critical group,
they are compared with the dose limit of

1 mSv per year. For comparison with the

10

average dose from background radiation see
5.17.

45 For external irradiation the ICRP
recommends dose limits for individual organs
to avoid specific detrimental effects. For
irradiation of the skin the recommended
annual limit is 50 mSv and for the lens of the
eye 15 mSv.

5. PRESENTATION AND
ASSESSMENT OF RESULTS

Sl units and methodology

51 Data are presented using the
Systeme Internationale (Sl) radiological units
recommended for use in the UK by the
British Committee on Radiation Units and
Measurements@k However, because of the
requirements specified by the United
Kingdom Accreditation Service (UKAS) all
results, whether liquid or solid, are expressed
in activity per kilogramme. In practice one
kilogramme of water can be considered to
have a volume of one litre within the
accuracy of the reported results.

52 Results for solid samples are
presented as activity per unit dry weight

(Bg kg-1) unless otherwise specified. Methods
of sampling and measurement of
environmental materials were designed to
ensure that any radionuclide would be
measured if it were present at sufficient
concentration to contribute significantly to
the radiation dose to members of the public.
Where concentrations were below the limit of
detection, zero values have been assumed for
the purpose of dose estimation. In such
instances, the total dose corresponding to
the detection limits is generally no more than
about one per cent of the recommended
dose limit of 1 mSv y \

Assessment of results

Effluent analysis

53 The analytical results of effluent
analysis undertaken by site operators and by
LGC are compared. Where differences greater
than 10 per cent for tritium and 30 per cent



for all other radionuclides are observed they
are investigated. Initially meetings of analysts
are convened to discuss the differences and,
as necessary, analytical investigations are
carried out.

Quality checking of solid radioactive waste

5.4 The results of the analysis are used to
check that consignments of waste comply
with conditions specified in the consignor's
authorisation, the declaration of contents
made by the consignor and with conditions
in BNFL's authorisation for disposal of the
waste at its repository site at Drigg.

Environmental monitoring

55 The method of assessing the impact
of environmental radioactivity is based on
estimation of the effective dose resulting
from external radiation and the committed
effective dose (CED).from inhalation and/or
ingestion according to the recommendations
of ICRP 60(A The CED provides an estimate
of the risk to an exposed person, making
allowances for the residence time of
radionuclides in the body, the distribution of
radiation dose between different organs of
the body and the nature of the radiation. It
represents the risk due to the total dose
predicted to result from an intake of
radionuclides up to the age of 70 years. In
general the terminology used in this report is
that defined for use with ICRP 60. The
estimation of dose is facilitated by the use of
values published by ICRP(U) of the committed
effective dose predicted to result from a unit
intake of each radionuclide occurring at

ages one, 10 or adult (assumed to be 20
years old).

Age group Occupancy Inhalation rates
Marine River banks
and lake shores
years hyl hyl ma 1
1 30 30 0.216
10 30 500 0.648
Adult 300 500 0.828

5.6 The monitoring results are assessed
by estimating the effective dose to members
of critical groups of the public. Critical
groups consist of those individuals whose
habits (for example recreational) make them
likely to be the most exposed. Each critical
group consists of people of broadly similar
habits, so that their radiation exposures can
be estimated on the basis of representative
information. Exposure to radiation due to m
radionuclides in foods, whether terrestrial or
seafood and whether produced commercially
or during recreation, is evaluated by MAFF
and is not included here. For the non-food
pathways the principal requirement for habit
data is the occupancy of areas where
discharged radioactivity may be present.

5.7 Habit data are kept under review by
MAFF and the Agency and are usually
determined by surveys specific to the vicinity
of nuclear establishments, or by the
accumulation of observations over time.
Where specific occupancy data(,4UK 15 are
available these are used in the dose
estimation. These specific data record that a
small number of people engage in
occupations which lead them to spend up to
about 1,300 hours per year on beaches,
saltmarshes and estuarine mud banks in
North West England. A further small group
regularly use such areas recreationally for
about 300 hours per year. Where site-specific
data are not available the following habit
assumptions and occupancy data as
published by the NRPB(6) are used in the
assessments presented here.

Ingestion rates

Drinking Inadvertent ingestion
water
Water Sediment
1h1 mly1l mg h*l
0.7 50 50
0.95 100 10
1.65 100 5



Ingestion

5.8 As ingestion of foodstuffs is assessed
routinely by MAFF, dose estimates are limited
to ingestion of potable water and the
inadvertent ingestion of non-potable water
and sediments. Inadvertent ingestion of
water can occur during bathing and when
children are playing on beaches or the banks
of rivers and streams.

59 Inadvertent ingestion of sediment
may also occur on similar occasions. The
ingestion rates assumed in the assessment are
based on values recommended by the
NRPB<1§. In this report it has been assumed
that the ingestion occurs during an active
period of 10 hours each day, which gives the
hourly ingestion rates in the above table.
Some children exhibit a behaviour described
as pica which is the deliberate ingestion of
soil and similar materials. This unusual
behaviour is not included in this assessment,

5.10 The dose Dig due to radionuclide i
resulting from ingestion can be calculated as

Dig = Cij Hig gj Of (1)

Where

Q is the concentration of radionuclide i
in medium j (Bg kg ")

is the effective dose per unit intake of
radionuclide i by ingestion (Sv Bq’)

gs is the consumption rate of medium |j
(kg h}
(0] is the occupancy factor (hy)

511 Water sources were also screened by
measurement of gross alpha and gross beta
activities for comparison with World Health
Organisation (WHO) guideline values('7.

These are:

gross alpha activity: 01 Bq V.
gross beta activity: 1.0 Bg T\

They are based on consideration of the doses
that would result for radium-226 and

12

strontium-90 respectively. These were chosen
by WHO as representative of the most
radiotoxic radionuclides likely to be present
in significant quantities. The values represent
concentrations below which water can be
considered potable without any further
radiological examination.

5.12  In most cases radiochemical analysis
for tritium was also carried out. This is a low-
energy beta-emitter which would not be
detected by the gross beta measurements
and is assessed separately using equation (1)
above. Where appropriate, other
radiochemical analyses were carried out to .
identify individual radionuclides. Additionally,
water samples were analysed by gamma-ray
spectrometry. In these cases doses were also
assessed using equation (1).

Inhalation

513 The air may contain dust and
associated radioactivity raised from local
surfaces by the wind or by other causes of
disturbance. It has been estimated that the
suspension of surface dusts will result in
about 100pg of surface material in each

m3 of air. The dose Dh due to radionuclide i
in sediment due to inhalation of re-
suspended sediments is calculated as

Dih - Ch Cu Cm Hih Of (2)
Where

O* is the concentration of radionuclide i in
sediment (Bq kg ')

CM is the concentration of sediment
suspended in air (kg nr3

C,* is the volume of air inhaled per unit
time (m3 hr)

Ho is the effective dose per unit intake by
inhalation of radionuclide i (Sv Bg")

O, s the occupancy factor (hy?"

External radiation

5.14  The external radiation dose to
members of the public is assessed directly
from field measurements of the absorbed



dose in air made using the instruments
described in 3.10. Three factors are
considered in following this approach to
estimating exposure to external radiation due
to discharges from nuclear sites. Firstly, the
monitoring instrument responds to
background radiation as well as any radiation
due to discharged radioactivity, and the
background radiation dose rate is subtracted.
In the absence of site-specific information the
generic background dose rates used for
muddy and sandy substrates are 0.07 (Gy h'l
and 0.05 (Gy h1lrespectively08. Secondly, the
effective dose to the whole body differs from
the absorbed dose in air, and a factor of 0.87
(Sv Gy is used to convert the measured
absorbed dose in air to the effective dose to
the human body. Finally, the appropriate
occupancy factor is applied. The Agency's
protocol, for the measurement, interpretation
and reporting of external dose rates is
described in Technical Guidance Note M5(,9).

Background radiation

5.15  Background radiation includes
contributions from:

(@) terrestrial radioactivity arising from
the widespread distribution of
naturally occurring uranium, thorium,
their daughter products including
radon, potassium-40 and minor
contributions from other naturally
occurring radionuclides;

(b) cosmic radiation originating from
outer space;

fallout of man-made radionuclides
from nuclear weapon tests and from
the Chernobyl accident.

5.16  Most radionuclides discharged in
wastes from sites of interest do not occur
naturally in significant quantities and
therefore radionuclide-specific determinations
can readily detect their presence in the
environment. Hovyever, measurements of
gross alpha and beta activity concentrations
and of certain radionuclides can include
contributions from terrestrial radioactivity as

13

described above and from worldwide fallout,
including that from the Chernobyl accident.

5.17 In most cases radiation exposures
from natural radioactivity far exceed those
from anthropogenic sources. The average
annual effective dose to the UK population
has been estimated by the NRPB@) to be

2.6 mSv. Radiation of natural origin accounts
for 87 per cent of the exposure.

Of the remaining 13 per cent, 12 per cent is
accounted for by medical procedures.
Discharges of waste from nuclear
establishments contribute less than

0.1 percent.

Assessment of doses

5.18 Total doses (effective dose) due to
the discharges from nuclear sites, via the
pathways of external radiation, inhalation
and ingestion, were estimated as described
above. It is appropriate to compare these
doses with the limit of 1 mSvy 1
recommended by the ICRP and adopted for
application in the UK by the Government on
the recommendation of the NRPB. In making
the comparison it should be recalled that the
doses estimated here do not include doses
incurred through food, which are reported
separately by MAFF.

Air and rainwater

5.19  The monitoring results are compared
with the long-running data sets from this
programme for unusual occurrences and
trend changes over time. Levels are very low
and do not currently merit radiological
assessment.

Drinking water

5.20 Results for gross alpha and gross beta
activities from the monitoring of drinking
water sources are compared with the WHO
guideline values as described at 5:11.
Radiological assessments are carried out for
the occasional exceedances using the
radionuclide specific data. The results are also
compared with the long-running data sets
from this programme for unusual occurrences
and trend changes over time.



6. RESULTS

6.1 BRITISH NUCLEAR FUELS PLC
6.1.1  BNFL operates four major sites in
England. These are located at Sellafield and
Drigg in Cumbria, Springfields in Lancashire
and Capenhurst in Cheshire.

SELLAFIELD

6.1.2 The Sellafield site includes storage
ponds and the Magnox and THORP
reprocessing plants for irradiated nuclear fuel,
the Calder Hall Magnox nuclear power
station and various support facilities. Prior to
1994 the majority of the liquid effluent
arising from BNFL's operations at the site
were routed to sentencing tanks from which
discharges to sea were made. During 1994
the Segregated Effluent Treatment Plant
(SETP) and the Enhanced Actinide Removal
Plant (EARP) were commissioned and the
effluent from these plants is now discharged
to sea via separate monitoring tanks. Liquid
effluent arising from the Magnox decanning
plant and storage ponds is routed to the Site
lon Exchange Effluent Plant (SIXEP) and after
treatment is discharged to sea. Foul drainage
from the site, which may contain trace levels
of radioactivity, is routed to the on-site
sewage works. This is discharged together
with surface water drainage from a large
proportion of the site via the factory sewer
outfall at the confluence of the River Calder
and River Ehen. Airborne wastes are emitted
to atmosphere via stacks. Low level solid
wastes are transferred to the company's site
. at Drigg for disposal except for small
quantities of soil excavated during building
works which is tipped on approved tipping
areas within the site. The Windscale
Laboratory, of the UK Atomic Energy
Authority is co-located with the BNFL facilities
on the Sellafield site.

6.1.3 The 1996 programme included:

(a) the analysis of samples of liquid
effluents discharged from SETP, EARP
and SIXEP and discharges made from
the factory sewer outfall;
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and, in the vicinity of Sellafield, monitoring
of:

(b) radiation dose rate levels over West
Cumbria coastal areas;

(c) radioactivity in samples of coastal
sediments;

(d) radioactivity in samples of water from

rivers, surface sources and public
water supplies in West Cumbria.

Effluent monitoring

6.1.4 The comparison of analytical results
for liquid effluent samples, determined by
BNFL and the Agency's contract laboratory,
LCC, was generally satisfactory. However,
discrepancies were noted for a number of
results including gross beta, cerium-144,
carbon-14, americium-241 and promethium-
147 in some samples of SIXEP discharges; for
gross beta, ruthenium-106, iodine-129,
cerium-144, zirconium-95, niobium-95,
curium-242 and curium-(243+244) in
samples from the SETP discharges; and for
gross beta, strontium-90, technetium-99,
carbon-14, plutonium-238, plutonium-
(239+240), americium-241, curium-242,
curium-(243+244) and promethium-147 in
discharges from the EARP. As has been
reported previously discrepancies in the
reported values of ruthenium-106 are not
uncommon and are probably attributable to
analytical interference from the 511 keV
annihilation peak which is co-incident with
the primary gamma energy of ruthenium-
106. The measured concentrations of curium-
242 and curium-(243+244) were, in most
cases, very low and the discrepancies
observed can be attributed to analytical
uncertainties. However, given the number of
discrepancies observed for other
radionuclides, a meeting was held with LGC
and BNFL during 1996 to try to identify the
reasons for the discrepancies and improve
the reliability of the comparisons. A humber
of areas for further investigation were
identified and analysts from BNFL and LGC
are expected to report back towards the end
of 1997.



Environmental monitoring

Cumbrian coastal areas

6.1.5 Accessible West Cumbrian coastal
areas, including beaches, extending from
Walney Island in the south to Whitehaven
Harbour in the north, were monitored in the
spring and autumn. Gamma radiation dose
rates were measured at each location.
Portable instruments were also used to
monitor contact beta/gamma radiation dose
rates in inter-tidal areas in order to seek and
locate for removal any material with activity
levels in excess of 100 cps (see section 3.9).
In 1996 no such material was found.

6.1.6 Locations and measured gamma
radiation dose rates are detailed at Table 2.
The locations are also shown in Figure 4.
Measurements over sands showed little
elevation over background levels and dose
rates were highest over silts. Similar
measurements made by BNFL(21) in 1996
show general agreement to those in Table 2.
The radiation dose rates reported here may
also be compared with those found by
MAFFQ) for 1996. The results cannot be
compared in detail, since the sampling
locations were not identical. However the
results of the two surveys extend over similar
areas. In both surveys the highest levels were
observed in the Esk, Mite and Irt estuaries
and at Whitehaven Harbour; in the 1996
MAFF surveyQ’ dose rates of 0.07 to 0.27 pGy
h-1 were recorded over saltmarshes in this
area, while in the survey described here,
levels exceeding 0.14 pGy h 1were observed
only over mud in the Esk estuary
(Newbiggin) and Whitehaven Harbour, Table
2. The results in 1996 were generally similar
to those observed in 1995 and slightly lower
than those observed between 1991 and
1994,

Sediments

6.1.7 Sediments were sampled from the
Sellafield beach, at the Ehen Spit, from
Newbiggin in the Esk estuary and at Walney
Island for radiochemical and gamma-ray
spectrometric analysis. The results for
Newbiggin and Walney Island (Table 3) are
generally consistent with previously reported
levels, although the annual average gross
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beta and gross alpha results indicate a slight
increase compared to 1994 and 1995. The
concentrations of a number of radionuclides
at Ehen Spit continue to show a significant
reduction compared to 1994 when increased
concentrations were reported. The
concentrations observed during 1996 are
similar to those reported in 1995.

Assessment

6.1.8 The highest gamma radiation dose
rates were observed over the muddy areas in
the Esk estuary, located to the south of
Sellafield, and over silts in Whitehaven
Harbour. Surveys of occupancy, of the West
Cumbrian coast, have been carried out by
MAFFQZ and Research Surveys of Great Britain
Limited (RSGB)®) and these data, where
applicable, are shown in Table 2. The critical
group for leisure activities is considered to be
dog walkers03) with an estimated occupancy
of about 300 hours per year. Where
occupancy due to employment exceeded
that estimated for leisure activities the higher
figure has been used in the dose calculation.
Estimates of the external radiation doses
received in 1996 by the persons who were
found by MAFF and RSGB to make the
greatest use of these areas are shown in Table
2. The effective dose due to internal exposure
from inadvertently ingested sediment and
from inhaled dust was estimated to be about
0.8 pSv y 1for an infant at Ehen Spit and

2.5 pSvy' at Newbiggin using the
concentrations observed and the methods
described in section 5. Corresponding
effective doses for an adult have been
calculated to be 1.5 pSvyland 5 pSvy' at
Ehen Spit and Newbiggin respectively. As in
previous years the annual total effective dose
for a nature warden spending 315 hours per
year on the estuary has been calculated.
Taking levels at Newbiggin to have been
typical of his exposure, his annual effective
dose (including external radiation - see Table
2) would have amounted to about 24 pSvy 1
This would suggest a decrease in estimated
dose relative to 1995. In 1996 the doses
received by bait diggers and fishermen at
Haverigg and Askam were estimated to have
been higher than the dose to the nature
warden, at about 29 pSvy' and 36 pSvyl
respectively. The estimated dose reported at



Figure 4. Monitoring locations - Cumbrian coastal area
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Haverigg shows a decrease compared to
1995 and those at Askam are similar to those
reported in 1995. At both these locations
the measured dose rates are only marginally
above background levels (see Table 2) and
the doses result from the extended
occupancy times.

Surface waters

6.1.9 Analysis of samples of surface water,
taken quarterly from Ehen Spit where, at low
tide, water issues from the ground, gave the
results shown in Table 4. The water is
brackish, so only inadvertent consumption is
likely. The gross alpha levels observed were
below the WHO guideline values. However,
enhanced gross beta levels were observed on
all occasions when the water was sampled,
with concentrations similar to those observed
since 1992. The mean annual concentration
of tritium during 1996 indicates a marginal
decrease in tritium levels compared to 1995
with reported concentrations similar to those
observed during the period 1990 to 1993.
The annual mean concentration of caesium-
137 is similar to that reported for 1995,
Inadvertent consumption of small quantities
of water containing the observed caesium-
137 and tritium concentrations, for example
by children regularly visiting the beach, for
say a total of 300 hours per year, would
result in a committed effective dose of much
less than 0.1 pSvyl

6.1.10 There was some evidence of tritium
from Sellafield at the factory sewer outfall.
However levels were scarcely above those
expected in UK surface waters. These waters
are not potable and the low concentrations
are of no radiological significance. The
concentrations in the River Calder
downstream of Sellafield also indicated the
likely presence of tritium from Sellafield.
However, the maximum concentration
reported of 16 Bq I'lis similar to the
maximum concentration observed in 1995
and is considered to be so low as to be of no
radiological significance.

6.1.11 The levels of tritium, as reported in
Table 4, in several other rivers and lakes in
West Cumbria, some of which are sources of
public drinking water, were consistent with
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expected values for UK surface waters and
would result in a committed dose of very
much less than 0.1 pSvy 1to water
consumers. The levels of gross alpha and
beta activities measured in the samples were
below the WHO's guidance values of 0.1 and
1.0 Bq 1¢ respectively.

DRIGG

6.1.12 BNFL operates the Drigg site for the
disposal of solid low level radioactive waste. <
Most of the waste arises as a result of
operations at Sellafield, but wastes are also
received from other nuclear sites and from a
wide variety of smaller industrial operators. In
recent years, a programme of site
development has been undertaken to
improve operational arrangements and to
minimise contamination of surface and
ground water draining from the site. Much of
this work has now been completed. Disposal
by tumble tipping of loose wastes into clay-
lined trenches has,now ceased. Instead,
suitable wastes are compacted at the
Sellafield site, to minimise residual voidage,
using the Waste Monitoring and Compaction
(WAMAC) facility.

6.1.13 The 1996 programme included:

(@ the analysis of samples of
contaminated water routed to sea via
the marine.pipeline;

(b) the quality checking of waste
intended for disposal at Drigg;

and, in the vicinity of Drigg, monitoring of:

(c) radioactivity in the Drigg stream
where it passes through public land
shortly after leaving the site;

(d) radioactivity in the Railtrack drain

which runs parallel to the north-
eastern boundary of the site before
joining the Drigg stream.

Effluent monitoring

6.1.14 The radionuclide content of effluents
discharged to sea via the marine pipeline is



restricted by limits on alpha, beta and tritium
levels. The comparison of analytical results for
the analysis of marine pipeline samples by
BNFL and the Agency's contract laboratory
was generally poor. The gross alpha results
reported by both BNFL and LGC are close to
the limits of detection and uncertainties in
the analysis may account for the poor
agreement. Analyses previously carried out
by NRPB have shown that the major
contributions to alpha and beta levels are
uranium and strontium-90 respectively.
Discrepancies were also observed for tritium
during both January and July 1996.

Quality checking of waste

6.1.15 An ISO-container of drummed low
level radioactive waste originating from the
Atomic Weapons Establishment (AWE),
Aldermaston, was seized in March by the Site
Inspector, following its acceptance for high
force compaction and disposal by BNFL, at
Drigg. Examination at the Agency's WQCL
showed that the predominant gamma-ray
emitting radioactive constituent of the waste
was U-235 which comprised over 60 per cent
of the radioactivity found by gamma
scanning. The total and individual gamma
emitting radioisotopic content of the
consignment as determined by WQCL was
similar to that declared by the waste
producer. Samples taken from selected drums
for detailed radiochemical analysis showed
quantities of uranium and plutonium to be
present. However, in all cases the AWE
declared activities were higher than those
found by WQCL. The waste consignment
conformed to the conditions specified in
AWE's and Drigg's authorisations except for
the presence of two aerosol canisters. These
were isolated and returned to the waste
producer.

6.1.16 An ISO-container of drummed waste
originating from Amersham International pic
was seized in December by the Site Inspector
prior to high force compaction and disposal
by BNFL at Drigg. Examination of the waste
by non-destructive testing showed the
presence of a large number of gamma
emitting radionuclides consistent with the
waste producer's activities in isotope
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production. In all cases the declared
radioactivities were higher than those found
by WQCL. The waste consignment
conformed to Amersham's authorisations for
disposal except for the presence of aerosol
canisters and a small quantity of free liquid.
These were isolated and returned to the
waste producer.

Environmental monitoring

Drigg stream

6.1.1 7 Surface waters drain into the Drigg
stream which leaves the site in the south-east
corner and discharges into theinter-tidal
region of the River Irt in the Ravenglass
estuary. Also, at times of heavy rainfall, storm
water drained from the vaults is diverted to
the Drigg stream. The site authorisation
includes concentration limits on activity in
the stream water. The limits which apply to
the average concentrations in any one week
are:

Alpha activity 9.0x 10'Bgq T1
Beta activity 1.2 x 103Bq V
Tritium 6.0x105Bqgl1

The results of analyses of spot samples of
water and sediment taken each calendar
quarter are presented in Table 5. The
concentrations of alpha and beta activities
and of tritium in stream water were
significantly below these limits.

Railtrack drain

6.1.18 Ground water was known to move
laterally from some of the trenches towards
the Railtrack drain. Some radionuclides have
been detected over several years in this drain.
The results of monitoring presented in Table
5 show that no radionuclides were above the
limits of detection during 1996. The Railtrack
drain was sampled only during the first
quarter of 1996.

Assessment

6.1.19 The concentrations of gross alpha
activity and gross beta activity in the Drigg
stream and the Railtrack drain during 1996
did not exceed the WHO guidelines for
drinking water. In the Drigg stream only
tritium exceeded the concentrations



expected to be present in UK surface waters.
Although the Drigg stream is not used as a
source of drinking water it is possible that for
a short period a camper or picnicker could
reside in the vicinity of the stream. In the
unlikely event that they drew drinking water
supply from the stream, they would have to
drink more than 390,000 litres of stream
water to incur a committed effective dose of
1.0 mSv.

CAPENHURST

6.1.20 BNFL and Urenco (Capenhurst)
Limited operate centrifuge plants for the
isotopic enrichment of uranium at the
Capenhurst site. The original diffusion plant
was decommissioned in 1983 and continues
to be dismantled. Decontamination of this
obsolete plant is the main source of liquid
effluent which is routed from the site via a
culvert and a ditch to Rivacre Brook. A small
volume of highly acidic effluent is considered
to be special waste within the meaning of the
Control of Pollution (Special Waste)
Regulations 1980. This effluent which
contains only trace quantities of radioactivity
is disposed of to a licensed landfill site.
Airborne wastes are emitted to atmosphere
via stacks and roof vents. Solid wastes are
disposed of at the Clifton Marsh landfill site
operated by Lancashire Waste Services Ltd
and to BNFL's disposal site at Drigg.

6.1.21 The 1996 programme included:
(@) the analysis of samples of liquid
effluent discharged to Rivacre Brook
and samples of special waste;

and, in the vicinity of Capenhurst,
monitoring of:

(b) radioactivity in samples of water and
sediments taken during spring and
summer from Rivacre Brook at four
locations downstream of the site;

(c) gamma-radiation dose-rate levels on
the banks of Rivacre Brook at four
locations downstream of the site.
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Effluent monitoring

6.1.22 The results of analyses, carried out by
BNFL and the LGC, of samples of liquid
effluent discharged to Rivacre Brook were in
all cases close to the limits of detection and
the comparison of data was satisfactory.

Environmental monitoring

Rivacre Brook

6.1.23 Analytical results and details of the
monitored locations are presented in Table 6.
Only low concentrations of gross beta and
technetium-99 are observed in the water
samples from Rivacre Brook. At all sampling
points the mean annual gross beta results
show some decreases compared to 1995
although the concentrations are still slightly
higher than those observed in 1994.
Uranium, caesium, technetium-99 and trace
levels of neptunium-237 were detected in
samples of sediment. Concentrations
generally declined with distance downstream
from the site. In all cases the concentrations
in sediment were generally similar to those
observed in 1995. However, the
concentrations of technetium-99 appear to
indicate a two-fold increase compared to
those reported in 1995. The concentrations
of gross beta in sediment, where observed,
were generally similar to those reported for
1994 and 1995.

Assessment

6.1.24 There is no known use of Rivacre
Brook except as a play area for children living
nearby. There is no measurable increase in
external radiation over the banks of the
brook, and the small areas of exposed mud
are not credible sources of resuspended
activity. There remains the possibility of
inadvertent ingestion of water and sediment
during play. The highest concentrations are
observed at the sampling point closest to the
BNFL outfall, but this location is relatively
inaccessible and not frequented by members
of the public. The other sampling points are
more representative of the areas where
children play. On the assumptions set out in
section 5, the committed effective dose that
might be incurred by a child playing in one



of these areas is estimated to be much less .
than 1.0 pSv y-1.

SPRINGFIELDS

6.1.25 BNFL operates chemical plant to
extract uranium from ore concentrates and
manufactures nuclear fuel and intermediate
products at Springfields for use in the UK and
abroad. Liquid wastes are discharged by '
pipelines to the tidal waters of the Ribble
Estuary. Airborne wastes are emitted to
atmosphere via stacks, and solid wastes are
disposed of at the Clifton Marsh landfill site
operated by Lancashire Waste Services Ltd or
to the company's disposal site at Drigg.

6.1.26 The 1996 programme included:

(@) the analysis of samples of liquid
effluent discharged to the tidal

waters of the Ribble Estuary;

and, in the vicinity of Springfields,
monitoring of:

(b) gamma-radiation dose rates over,
and activity levels in sediments along,
the banks of the River Ribble;

(c) activity levels in Deepdale Brook at

the point where this small stream
leaves the site after flowing through
its centre. Since 1988, the brook has
been isolated from the site by a
culvert.

Effluent monitoring

6.1.27 Bulked samples of liquid effluents
discharged during the months of March and
September 1996 were supplied to the
Agency's contract laboratory. Comparison of
results for the March sample were generally
good. Discrepancies in the results for total
beta and thorium-230 were noted for the
September sample. However, in all cases
where a significant discrepancy was observed
BNFL reported the higher results. The short-
lived (half life 24 days) radionuclide thorium-
234 and associated daughter product
protactinium-234m (half life 1.2 minutes) are
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the dominating beta emitting radionuclides
in Springfields discharges. The discrepancy in
the beta determination is thought to result
primarily from the uncertainties in correcting
for radioactive decay for these short-lived
radionuclides.

Environmental monitoring

Ribble Estuary

6.1.28 Accumulations of radioactivity can be
found in various locations in the Ribble
Estuary. These result from the direct
discharge of radioactive liquid effluent by
Springfields to the tidal waters of the estuary
and from the marine transport of
radioactivity originating from discharges of
liquid effluent from BNFL Sellafield to the
Irish Sea.

6.1.29 The 1996 programme concentrated
on monitoring the impact of Springfields and
Sellafield discharges in the inter-tidal areas of
the upper reaches of the estuary at the
locations shown in Figure 5. The results are
presented in Tables 7 and 8.

6.1.30 Discharges from Springfields are
dominated by uranium and its decay
products. The uranium concentrations
observed in sediments fall-within the range
expected to be present naturally in the UK.
As previously reported, thorium-234 and
protactinium-234m were found at elevated
levels. The high concentrations are transient,
being influenced by tidal movements and
river flow scouring of the sediments and
variations in discharges from Springfields.
Except for the presence of low concentrations
of caesium-1 34, which is usually reported
below the limits of detection, observed
concentrations are similar to those observed
in recent years.

6.1.31 As in previous years, the gamma dose
rates in Table 8 show modest increases over
expected background levels. These excesses
result mainly from historic discharges from
Sellafield.

6.1.32 The house boat dwellers monitored
frequently by MAFF are considered to be the



Figure 5. Monitoring locations - BNFL Springfields
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most exposed group occupying the Ribble
Estuary, due mainly to these historic
discharges. Their radiation exposure is
reported in detail by MAFF() and is not
considered further in this report.

Assessment

6.1.33 HMIP published a report in 1994 on
the distribution of radioactivity in the Ribble
Estuary and the recreational use made of this
area(® The results of the occupancy survey
and other data have been used in the
radiological assessments in this report.

6.1.34 Because of the presence of elevated
concentrations of protactinium-234m in
sediments in the inter-tidal areas, estimates of
external beta dose rates have been
considered in addition to the external
exposure from gamma emitting radionuclides
and internal doses resulting from inhalation
and ingestion of the sediment. Estimates of
the exposure of skin to beta radiation have
been calculated based on the concentrations
of radionuclides measured in the sediment
using the dose assessment method proposed
by Hunt(®

6.1.35 The maximum concentrations of
protactinium-234m were recorded at Savick
Brook. However, this area of the estuary is
remote and is rarely visited by members of
the public.

6.1.36 The occupancy survey identified
anglers as the most potentially exposed
members of the public in the inter-tidal areas
of the upper estuary. As with the house boat
dwellers, their radiation exposure is reported
by MAFF(1) and is not considered further in
this report. The survey reported that Sea
Cadets, who use the estuary for sailing and
canoeing, may spend some of their time on
the inter-tidal muds. A maximum occupancy
of 52 hr y-1 was estimated. The survey also
reported that children may spend up to 30 hr
y-1 playing on the inter-tidal muds, although
none was observed during the study.

6.1.37 Using the above occupancies and the
monitoring results in Tables 7 and 8, the
exposures which may have been incurred
were estimated to have been 11.2 pSvy' for

the Sea Cadets and 5.8 |jSv y ' for the
children. These estimated doses suggest a
slight increase to 1994 and 1995 which seem
to be entirely attributable to slight increases
in the measured gamma radiation dose rates
at these sites. The beta radiation skin doses
were estimated to have been 0.55 mSv y 1for
the Sea Cadets and 0.31 mSv y "' for the
children. These doses should be compared
with the ICRP recommended limit of 50 mSv
y \ Sediment samples were analysed from
two locations upstream of Lower
Penwortham railway bridge and one location
downstream at Lytham Yacht club. The
analysis of the upstream samples indicated
concentrations of radionuclides during 1996
were generally somewhat lower than those
observed at the railway bridge. As observed
during 1995 the sample from Lytham Yacht
Club contained concentrations of between
one-half and one-tenth of those observed
around Penwortham. The lower
concentrations at Lytham presumably result
from the higher tidal flows and subsequent
dispersion within the estuary. Caesium-1 37
concentrations, attributable to the marine
transport of material discharged to sea from
BNFL Sellafield, were similar at all sampling
locations. However, the concentrations of
americium-241 attributable to the same
source shows elevated concentration near
Savick Brook.

Deepdale Brook

6.1.38 Deepdale Brook is a small stream
which passes through the centre of the
Springfields site. Historically uranium has
entered the brook, but the engineering of a
culvert in 1988 to contain the brook has
isolated it from the site except at times of
extremely high rainfall. Variable levels of
uranium in sediment are present as a result of
previous contamination, and occasional low
levels of uranium are detected in the water of
the brook. The concentrations of uranium,
and other radionuclides, measured in the
sediment during 1996 were slightly lower
than those measured in 1995 but generally
remain similar those recorded since about
1990. There is no known use of the brook by
members of the public and these levels are of
no radiological significance.



6.2 NUCLEAR POWER STATIONS

6.2.1  Until 31 March 1996 the nuclear
power stations in England and Wales were
operated by Nuclear Electric pic. On 1 April
1996 responsibility for the operation of the
advanced gas cooled reactors (AGRs) and the
pressurised water reactor (PWR) transferred to
a new company, Nuclear Electric Ltd. Nuclear

Electric pic continued to operate the magnox e

stations under the new name Magnhox
Electric pic. Magnox Electric stations are
located at Bradwell, Dungeness (A station),
Hinkley Point (A station), Oldbury, Sizewell (A
station) and Wylfa. Two further magnox
reactors at Berkeley and Trawsfynydd are
closed. Nuclear Electric stations are located at
Dungeness (B station), Hartlepool, Heysham
(two stations), Hinkley Point (B station) and
Sizewell (B station, PWR).

6.2.2  For all stations the principal gaseous
radioactive emissions consist of the controlled
discharges (called blowdown) of coolant gas
which are made relatively infrequently during
operation of the reactor and fuelling

machine, together with the small but
unavoidable leakage of coolant gas which
occurs whenever the reactors are pressurised.
The older magnox stations, which have steel
pressure vessels, also discharge gaseous
radioactivity in the form of cooling air which
has passed through the space between the
pressure vessel and the concrete biological
shield. All the principal radioactive emissions
are filtered before release to the atmosphere.
Some solid wastes and waste lubrication oil
are burned in on-site incinerators and ash
and other solid wastes not suitable for
incineration are transferred to BNFL's site at
Drigg for disposal. Liquid effluents are routed
to Active Effluent Treatment Plants and, after
treatment, collected in Final Monitoring and
Delay Tanks (FMDT) for monitoring prior to
discharge. At AGRs liquid effluents arising
from coolant gas conditioning systems or
driers are routed to Tritiated Water Storage
Tanks (TWST) prior to monitoring and
discharge. Treated effluents are then
discharged to sea (except for those from
Trawsfynydd) via pipelines, as summarised
below.

Power station

Berkeley

Oldbury

Bradwell

Dungeness ‘A" and 'B'
Hartlepool

Heysham 1 and 2
Hinkley Point ‘A" and 'B'
Sizewell ‘A" and 'B'
Trawsfynydd

Wylfa

Liquid effluent discharge route

by pipelines to a common stretch of the

Severn Estuary

by pipeline to the estuary of the River Blackwater

by pipelines to adjacent outfalls to the English Channel
by pipeline to the North Sea

by pipelines to adjacent outfalls to Morecambe Bay
by pipeline to a common outfall to the Bristol Channel
by pipeline to the North Sea

by pipeline to Lake Trawsfynydd

by pipeline to the Irish Sea at Cemaes Bay
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6.2.3 The 1996 programme included:
(a) the analysis of FMDT and TWST
samples of liquid effluents;

and, in the vicinity of the nuclear power
stations, monitoring of:

(b) coastal areas near to discharge
outfalls used for liquid effluents;

(c) radioactivity in samples of surface
waters, including some public water
supplies.

Effluent monitoring

6.2.4 The Agency's contract laboratory,
LGC, analysed samples of FMDT and TWST
discharges on a quarterly basis. These
samples were also analysed by the stations
and'by Magnox Electric's Central
Radiochemical Laboratory (CRL) as part of
the companies' own internal QA procedures.
The agreement between results for the
analysis of tritium is generally good and, as
has been observed previously, is better for
TWST samples than FMDT samples. This
probably results from the much lower
variation between individual results and also
the higher concentrations being measured;
The comparison of results for the analysis of
total beta for FMDT samples between all
laboratories indicate that agreement is
generally satisfactory. Discrepancies in the
results of the analyses of TWST samples for
sulphur-35 were observed, between LGC and
both CRL and the individual stations,
particularly where the reported
concentrations were low. In every case LGC
reported the higher results.

Environmental monitoring

Coastal areas

6.2.5 Gamma radiation dose rates were
measured over inter-tidal mud flats and
beaches. The locations and measured dose
rates are presented in Table 9. In most areas,
dose rates were indistinguishable from
natural background. The slight local increase
in dose rate recorded at Bradwell Beach since

1993 was again evident in 1996. A similar
increase is also evident during the fourth
quarter of 1996 at Hinkley Point Beach
although no increase was observed during
the second quarter of 1996. It is likely that
these increases have arisen due to direct
radiation from external reactor ductwork or
cooling air under the influence of specific
meteorological conditions. In both cases the
magnitude and duration of such increases
would be related to the amount of power
being generated at the station at any one
time. The exposure, if the mean dose rate
recorded at Bradwell Beach in 1996 persisted
throughout the year and a person spent, say,
300 hours on the beach would be about 60
pSv y 1 The corresponding exposure at
Hinkley Point Beach would be lower at about
27 pSv y\

6.2.6 Portable instruments were also used
to monitor contact beta/gamma radiation
dose rates in inter-tidal areas in order to seek
and locate for removal any material with
activity levels in excess of 100 cps (see
section 3.9). In 1996 no such material was
found.

Surface and public water sources

6.2.7 The results of monitoring samples of
surface waters in the vicinity of the power
stations are presented in Table 10. In general
the gross alpha and gross beta
concentrations were less than the WHO
guidance values of 0.1. and 1.0 Bq 11
respectively. However, total beta
concentrations in excess of 1.0 Bg Plwere
reported for samples obtained from the
coastal ditch at Bradwell. Sampling of water
from some sampling points at the coastal
ditch at Bradwell was not possible during
1996, the sampling locations were dry when
sampling was undertaken. Only at sampling
point 4 were specific radionuclides detected
which might in part account for the
increased total betaf. Tritium was generally
detected at levels consistent with background
values in UK surface waters with again the
exception of the coastal ditch (Bradwell)
where slightly enhanced levels were
observed. At both sampling point 3 and
sampling point 4 tritium concentrations

t The total beta results reported exclude low energy beta activity attributable to the presence of tritium.



observed in the second quarter of 1996 were
somewhat higher than those observed in
1995. However those observed in the fourth
quarter of 1996 at sampling point 4 were
barely distinguishable from background levels
(no sampling was possible at sampling point
three during the fourth quarter as it was dry).
The coastal ditch is not used as a source of
drinking water but, if it were, the dose
incurred would be less than 1 pSv y\

6.3 UNITED KINGDOM ATOMIC
ENERGY AUTHORITY
6.3.1 UKAEA operates two major research

establishments in England, at Harwell in
Oxfordshire and at Winfrith in Dorset.
(UKAEA's Windscale Laboratory is co-located
with BNFL's plant at Sellafield. It makes minor
contributions to discharges of wastes from
the site and is therefore considered together
with Sellafield for the purposes of this report.)

HARWELL LABORATORY

6.3.2 At UKAEA's Harwell site, operations
include radiochemical laboratories and high-
active handling facilities. Airborne wastes are
emitted to atmosphere via stacks. Liquid
effluent arising from the active areas of the
site is routed to the site liquid effluent
treatment plant (LETP). Liquid effluents from
all other areas of the site (known as trade
waste) are routed to one of four holding
tanks for monitoring prior to discharge. If
necessary the effluents in the holding tanks
can be diverted to the LETP. Effluents from
the LETP and trade wastes are discharged,
following monitoring, via a pipeline to the
River Thames at Sutton Courtenay. Surface
drainage and treated water from the on-site
sewage system leaves the site via Lydebank
Brook. Solid low level waste is transferred to
BNFL's site at Drigg for disposal.

6.3.3 The 1996 programme included:

a) the analysis of samples of liquid
effluents from the liquid effluent
treatment plant and the trade waste
holding tanks;

and, in the vicinity of Harwell, monitoring of:
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(b) the banks of the River Thames close
to the discharge outfall;
(c) activity levels in samples of water

from the River Thames and other
surface waters.

Effluent monitoring

6.3.4  Discrepancies in the results for total
alpha and total beta activities as determined
by Harwell and LGC in samples of treatment
plant effluents were noted. Harwell's results
were generally higher. In the case of the total
beta measurements the discrepancies are
thought to result from uncertainties in
correcting for radioactive decay due to the
presence of short-lived radionuclides. Where
the specific radionuclides caesium-137 and
cobalt-60 were reported, agreement between
the two laboratories was generally good. The
analysis for total alpha and total beta activity
in trade waste samples confirmed that
concentrations were low. Discrepancies were
noted for the measurement of tritium
concentrations in both the treatment plant
effluents and the trade waste samples
although Harwell generally reported the
higher concentrations. Analysis of surface
water discharged to Lydebank Brook
indicated that all concentrations of total
alpha, total beta and tritium were low. In
most cases agreement between the
laboratories was satisfactory although
concentrations, reported by both
laboratories, were generally close to the limits
of detection.

Environmental monitoring

Banks of the River Thames

6.3.5 Samples of sediment and gamma
radiation dose rate measurements were taken
at three points on the banks of the river, at
varying distances from the discharge outfall.
Sediment samples were also collected from
Lydebank Brook. The results and sampling
locations are shown in Table 11 and Figures 6
and 7 respectively. Caesium-137, cobalt-60
and plutonium-(239+240) originating in
discharges from Harwell were present in
some of the samples.



Figure 6. Monitoring locations - Thames Valley area
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Figure 7. Monitoring locations - UKAEA Harwell
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6.3.6 The banks of the Thames are used by
walkers and picnickers, and also by anglers.
External exposure and internal exposure due
to inadvertent consumption of water and
sediment contribute to the resulting radiation
exposure of the population. A survey carried
out by MAFF(14) has recommended that an
occupancy factor of 650 hours per year
should be used for the whole body external
exposure. The gamma ray dose rates show
only a slight increase over background rates
expected in the area. This increase is small
and estimates of the potential increase in
external radiation dose that results to, say, a
keen angler, on the basis of the calculation
methods outlined in section 5, are
correspondingly low. Taking into account
both external and internal exposure, the
effective doses are estimated to be about

16 pSv per year. This is slightly higher than
corresponding doses reported since about
1993 and is entirely attributable to higher
dose rates reported in the fourth quarter of
1996. Results reported in the second quarter
of 1996 were consistent with previous years
and would have resulted in estimated doses
similar to those previously reported.

6.3.7 Portable instruments were also used
to monitor contact beta/gamma radiation
dose rates along stretches of the bank of the
River Thames in order to seek and locate for
removal any material with activity levels in
excess of 100 cps (see section 3.9). In 1996
no such material was found.

River Thames and other surface waters

6.3.8 Samples of water, collected at weekly
intervals from locations upstream and
downstream of the discharge point, were
bulked over 13-week periods. In addition,
spot samples were taken from Day's Lock and
Lydebank Brook. The results are presented in
Table 12. Tritium is a substantial component
of Harwell discharges, but the concentrations
show that there is no significant increase
downstream of the discharge point, and
generally the results are within the normal
range of tritium concentration in surface
waters in the UK. In 1996 the highest
concentration observed was 15.0 Bq I’
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during the third quarter. If these waters were
used continuously as drinking water sources
the doses incurred would be only about

0.1 "Sv y-1. In all cases the concentrations of
gross alpha and gross beta activity were
below the WHO guidance values.

WINFRITH

6.3.9 The UKAEA operates engineering and
research facilities including many
experimental rigs, laboratories and workshops
at Winfrith. These include those operated by
AEA Technology pic. A steam-generating
heavy water reactor was also operated at the
site until 1990; this is now being
decommissioned. Airborne wastes are
emitted to atmosphere via stacks. Solid
wastes are transferred to BNFL's site at Drigg
for disposal. Liquid radioactive effluents are
routed to holding tanks. Non-active liquid
wastes from all other operations at the site
(trade wastes) are routed to separate holding
tanks. After monitoring, the liquid wastes are
discharged to sea at Weymouth Bay via the
site pipeline. The site is some distance from
the coast and the pipeline is such that the
more active effluents travel along an inner
pipe set within an outer pipe carrying the
trade wastes.

6.3.10 The 1996 programme included:
€) the analysis of samples of liquid

effluents discharged via the inner
pipeline and the outer pipeline;

and, in the vicinity of Winfrith, monitoring of:

(b)

coastal areas of Dorset;
(c) surface waters, including the River
Frome.

Effluent monitoring

6.3.11 Results reported by UKAEA and LGC
for the analysis of liquid effluents from the
inner and outer pipelines showed activities
close to or below the limits of detection.



Environmental monitoring

Beach monitoring

6.3.12 Comprehensive monitoring of
accessible coastal areas in Dorset, including
beaches, extending from Swanage Bay in the
east to Weymouth Harbour in the west, was
undertaken in the spring. Gamma-radiation
dose rates were measured at each location
and portable instruments were used to
monitor contact beta/gamma radiation dose
rates over inter-tidal areas in order to locate,
for removal, any material with activity levels
in excess of 100 cps (see section 3.9). In
1996 no such material was found.

6.3.13 Camma-radiation dose-rate
measurements, reported in Table 13, were
consistent with those observed in previous
years, in being indistinguishable from natural
background.

Surface waters

6.3.14 Samples of water were taken from
the River Frome and two streams flowing
close to the perimeter of the site, which may
receive site storm water. The results are
shown in Table 14. The levels of tritium in
Stream A have declined significantly from the
value of 340 Bq llreported for the fourth
quarter of 1993. The highest concentration
of tritium observed in surface waters close to
the site in 1996 was 19 Bq |1 At this
concentration the dose to consumers if the
stream was used as a drinking water supply
would be less than 0.3 (Svy\ The
concentrations of tritium in the remaining
samples showed only negligible increases
above the expected values for UK surface
waters. In all cases the gross alpha and beta
activities were below the WHO's guideline
values and no radionuclides were detected by
gamma-ray spectrometry.

Sediments

6.3.15 Samples of sediments were also taken
from the RiverFrome and. the two streams.
The results are recorded at Table 14. In most
cases the concentrations observed are
somewhat lower than those reported in 1994
and 1995. Only at Stream B to the east of
the site was any increase observed. However,

here the concentrations are so low that the
observed increase may be attributable to
analytical uncertainty. The committed
effective dose due to inadvertent ingestion of
sediment (not considered to be likely as
access to the stream is very difficult) is
estimated to be very much less than 1 pSv y*1
for Stream A which, as in previous years,
sitowed the highest concentrations for
caesium-1 37.

6.4 AMERSHAM INTERNATIONAL
PLC

6.4.1 Amersham International operates two
sites, one at Amersham in Buckinghamshire
and one at Cardiff in South Glamorgan.

AMERSHAM INTERNATIONAL
(AMERSHAM)

6.4.2 The site at Amersham contains
research and production facilities for the
manufacture of a wide variety of radioactive
sources and radio-labelled compounds for use
in research and medicine. Airborne wastes are
emitted via stacks to the atmosphere, and
solid low level wastes are transferred to
BNFL's site at Drigg for disposal. Liquid
effluents are routed so as to keep separate
alpha active wastes, non-alpha active wastes
and those containing appreciable quantities
of short-lived radionuclidesr The latter are
held in decay tanks to allow for radioactive
decay. The other two effluent streams are
treated when activity levels are high. The
three waste streams are routed to holding
tanks prior to monitoring and discharge via
the public sewer to the Maple Lodge Sewage
Treatment Plant, operated by Thames Water

pic.

6.4.3 The 1996 programme included:
@ the analysis of samples of liquid

‘ effluents from the holding tanks;
(b) the analysis of samples of agueous

effluents and sludges from the Maple
Lodge Sewage Treatment Plant;



and, in the vicinity of Amersham
International, Amersham;

(©) the sampling of water and sediment
taken at a point close to the outfall
from the sewage works.

Effluent monitoring

6.4.4 The comparison of analytical results
for the analysis of liquid effluent by
Amersham International and the Agency’'s
contract laboratory, LGC, showed poor
agreement. Discrepancies in the gross beta
analyses almost certainly result from the
analysis by Amersham International of the
individual samples that make up the monthly
bulk sample supplied to LCC. The former
gives a more accurate estimate of the short-
lived radionuclides by reducing the
uncertainty in correcting for radioactive
decay between the time of sampling and the
analysis. In nearly all cases where
discrepancies were observed the Agency's
contract laboratory reported concentrations
lower than those reported by Amersham
International.

Maple Lodge

6.4.5 Maple Lodge Sewage Treatment
Plant is operated by Thames Water pic. It
receives authorised discharges from
Amersham International. Raw sewage enters
the works and following settlement and
biological treatment is discharged via the
Grand Union Canal and River Colne to the
River Thames. Sludge solids are produced as
a result of settlement and biological
treatment and are sent to a digester for
microbial breakdown of long chain
molecules. Following dewatering, the sludge
is disposed of to a landfill site, used for land
reclamation or put to agricultural use. During
1996 samples of raw sewage, final effluent
and digested sludge were analysed each
quarter. The results are given in Table 15. A
study(23) commissioned by Her Majesty's
Inspectorate of Pollution has confirmed that
the agricultural use of digested sludge at
these concentrations would be acceptable on
radiological grounds.

Environmental monitoring

Water and sediment

6.4.6 Samples of water and of sediment
were taken at a point close to the outfall
from the sewage works. The results are
recorded at Table 16. The levels of tritium in
water were consistent with expected values
for general UK waters. Cross alpha activities
were below the WHO's guidance values of
01 Bq I’. Gross beta activities marginally
exceed the WHO's guidance values of

1.0 Bq I'Aduring the first and second quarters
of 1996 when concentrations of 1.2 Bq 11
were recorded. Radiologically insignificant
concentrations of cobalt-57 and isotopes of
caesium were again detected in sediment
samples from the river during 1996.

However, Amersham International has
previously reported similar concentrations in
control samples taken upstream of its effluent
discharge point. Fishermen or others in close
contact with the riverbank may ingest small
amounts of sediment, but the resulting
committed effective dose would be much less
than 1 (Svy'.

AMERSHAM INTERNATIONAL
(CARDIFF)

6.4.7 The site at Cardiff manufactures
radio-labelled compounds and diagnostic
tests for use in research and medicine.
Airborne wastes are discharged to the
atmosphere via stacks. Some very low level
solid wastes are disposed of at local landfill
sites. Other solid wastes are transferred to
BNFL's site at Drigg for disposal. Liquid
wastes are pumped automatically from
individual building storage tanks to holding
tanks, for monitoring prior to discharge via
the public sewer and the Eastern pumping
station to the Bristol Channel.

6.4.8 The 1996 programme included:

(@) the analysis of samples of final liquid
effluents discharged from the holding
tanks;



(b) the monitoring of activity levels in
the storm water from the site, in the
River Taff, which receives the storm
water run-off, and in the nearby
Glamorganshire Canal.

Effluent monitoring

6.4.9 The comparison of analytical results
for the analysis of liquid effluent by
Amersham International and the Agency's
contract laboratory, LGC, was generally
good.

Environmental monitoring

6.4.10 Samples of water were taken
quarterly from points close to the storm-
water outfall, the River Taff and from the
canal. The results recorded at Table 17 show
that elevated levels of tritium were reported
in the Glamorganshire Canal and the storm-
water outfall. The tritium concentrations
observed in water from the storm-water
outfall during the second and fourth quarters
of 1996 were generally similar to those
reported in 1995. However one elevated
concentration of 460 Bq 11was reported for
the third quarter of 1996 and no sample was
available for the first quarter of 1996, as the
outfall was dry. Concentrations in the
Glamorganshire Canal, although slightly
lower, were similar to those observed in 1994
and 1995 and the concentrations in the River
Taff, as for previous years, were similar to
those observed in UK surface waters. Levels
of gross alpha and gross beta activities were
below the WHO's guidance values of 0.1 and
1.0 Bg 11respectively and no radionuclides
were detected by gamma-ray spectrometry.
Overall, the levels of activity found in 1996
were radiologically insignificant

6.5 MINISTRY OF DEFENCE
(PROCUREMENT EXECUTIVE)

6.5.1 The Atomic Weapons Establishment
(AWE) at Aldermaston in Berkshire is operated
on behalf of the Ministry of Defence
(Procurement Executive) by Hunting BRAE
Ltd. The facilities at AWE are used for the
processing of nuclear materials in support of
the defence programme. Active liquid

effluents are routed to the on-site active

effluent treatment plant and, after treatment

by a ferric hydroxide flocculation process, are
monitored prior to discharge by pipeline to

the River Thames at Purley (Figure 8).

Effluents from facilities undertaking work on

depleted uranium are routed with the site's

non-active effluents to the trade waste
effluent treatment plant and, after
monitoring, are discharged to sewer. Active
sludges produced from the active effluent
treatment plant are stored on site for future
treatment and disposal. Sludges from the site
trade waste effluent treatment plant are
disposed of to a landfill site by a contractor
following monitoring to demonstrate that
they contain only exempt levels of
radioactivity.

6.5.2 The 1996 programme included:

@ the analysis of final liquid effluents
from the site treatment plant and the
trade waste treatment plant, and the
analysis of dry sludge cake from the
trade waste sludge drying beds;

and, in the vicinity of AWE;

(b) the monitoring of activity levels in
the River Thames, the River Kennet
and nearby streams.

Effluent monitoring

6.5.3 Discrepancies between the results of
the analysis of total alpha activities in samples
of treatment plant effluents by AWE and LGC
were noted, and comparison of total beta
and tritium results was generally satisfactory.
AWE's and LGC's results of the analysis of
total alpha and total beta activities in samples
of trade waste effluent were generally close
to, or below, the limits of detection for both
laboratories. Analyses previously performed
by NRPB have shown that the measurement
of total alpha and total beta activity is
dominated by uranium. LGC's results
confirmed that the tritium levels in trade
waste effluent were low and close to
concentrations normally observed in UK
surface waters.



Figure 8. Monitoring locations - AWE Aldermaston






6.5.4 AWE reported low concentrations of total
alpha and total beta In dry sludge cake samples
obtained in February and August 1996. The results
reported by LGC confirm that activity levels were low.

Environmental monitoring

6.5.5 Samples of water were taken at weekly
intervals and bulked over 13-week periods from the
River Thames at Pangbourne and Mapledurham,
upstream and downstream respectively of the
discharge outfall, and from the River Kennet at
Reading (Figures 6 and 8) and from streams at
Aldermaston village and at Spring Lane close to the
site. The analytical results recorded at Table 18 show
concentrations of tritium measured in the streams at
Aldermaston and, to a lesser extent, Spring Lane were
consistently above the values for general UK waters
during 1996. Similar concentrations have been
observed since 1992 and are consistent with those
observed by AWE. Concentrations were small and the
resulting doses would have been negligible to anyone
consuming water from the streams. The levels of
gross alpha and gross beta activity in all samples were
below the WHO's guidance values of 0,1 Bq Pand
1.0 Bg Hrespectively. No radionuclides were detected
by gamma-ray spectrometry.

6.5.6 Quarterly sediment samples were also taken
from these locations and the results are recorded at
Table 18. Low levels of caesium isotopes were
detected in River Thames sediments both upstream
and downstream of the discharge outfall, in the River
Kennet at Reading and in two streams close to the
site. Currently routine discharges from AWE do not
include significant levels of caesium and its presence
in these sediments may be as a result of historical
discharges or may include contributions from
discharges to the Thames from Harwell further
upstream, from nuclear weapon test fallout, or as a
result of deposition following the Chernobyl accident.
The concentrations of all anthropogenic radionuclides
found were small, and inadvertent ingestion of
sediment would result in a committed effective dose
much less than 1 |jSv y\

6.6 NON-NUCLEAR SITES
6.6.1 In 1996 only one company, Surelite Ltd, was

registered under the Radioactive Substances Act for
the keeping and use of large quantities of tritium at
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its premises at Weldon in Northamptonshire. The
tritium is used in the production of light emitting
devices which are incorporated into signs,
instruments and other self-luminous articles.

6.6.2 The principal waste arising from this site was
airborne tritium gas emitted to the atmosphere.
Trivial amounts of activity were also disposed of
locally in solid and liquid wastes. The 1996
programme monitored the impact of emissions to the
atmosphere by monitoring tritium levels in nearby
surface waters and open grassland.

6.6.3 The water sources from which spot samples
were taken and the results of the analysis for tritium
are detailed in Table 19. Rutland Water, Eyebrook
Water and Pitsford Reservoir are public water sources.
The levels of tritium were consistent with those for
general UK surface waters although slightly elevated
concentrations of tritium are observed in the samples
closest to the site.

6.6.4 No organically bound tritium was detected in
samples of grass collected from two locations close to
the site.

6.7 LANDFILL SITES

6.7.1  Several landfill sites receive solid low level
radioactive wastes for controlled burial. These are
wastes which can be disposed of safely, with special
precautions, at many well-operated landfill sites.
Generally disposals are completed on the day the
wastes arrive at the site by covering with at least
1.5 m of inactive refuse or soil. Limits on the
radioactive content of wastes, the landfill site to be
used for disposal and the precautions to be employed
when disposing of the wastes are specified in an
authorisation issued to the waste producer. Such
authorisations are issued for disposal only to landfill
sites with the necessary characteristics and after
consultation with the appropriate public and local
bodies.

6.7.2 The 1996 programme concentrated on
monitoring levels of radioactivity in leachates, arising
from the landfill sites and in ground waters or local
surface waters which might be affected by migration
of activity from buried wastes. Bi-annual monitoring
was carried out at those sites which have exhibited
elevated tritium concentrations in past years.



6.7.3  All samples were analysed for gross
alpha and gross beta activity for comparison
with the WHO guideline values for potable
waters. Tritium, which because of its soft beta
emissions cannot be screened satisfactorily by
gross beta measurement, was determined
separately. Specific analyses, such as for
uranium, carbon-14 and iodine-125, were
undertaken where appropriate to the
radionuclide composition of the buried
wastes and all samples were screened using
gamma-ray spectrometry. The analytical
results are presented in Table 20.

6.7.4 At all locations gross alpha activities
were below the WHO's guidance value of

0.1 Bq |1 However, as in previous years gross
beta activities in excess of the WHO's
guidance value of 1.0 Bg T 1were found in
samples from a number of sites. These
included leachate from Crooks Marsh Farm,
borehole water from the Milton Landfill,
borehole water from Northwich Tip, stream
water upstream and downstream of the
Cowpen Bewley Tip, borehole water from
Cole Green Landfill, local water from
Millennium Inorganic Chemicals on-site tip,
borehole waters from Clifton Marsh, leachate
from Beddingham Quarry, local waters from
Celderd Road Tip, Greaseworks Tip, Wilson
Road Tip and Dean House Farm and borehole
water from Lamby Way Tip. Additional
analysis showed that the increased gross beta
was attributable to enhanced concentrations
of potassium-40, a naturally occurring
radionuclide present in soils and artificial
fertilisers. With the exception of potassium-40
no other radionuclides were detected by
gamma-ray spectrometry.

6.7.5 Elevated concentrations of tritium
continued to be observed at a number of
landfill sites. These included leachate from
Crooks Marsh Farm, borehole waters from
the Milton Landfill, borehole water from the
Witton Tip, stream water downstream of the
Cowpen Bewley Tip with marginal elevation
in upstream river water, leachate from
Cilgwyn Quarry, borehole water from Cole
Green Landfill, borehole water from Clifton
Marsh landfill, leachate and borehole water
from Beddingham Quarry, local water at the
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Greaseworks Tip, local water from Wilson
Road Tip, local water from the Dean House
Farm Tip and borehole water from Lamby
Way Tip.

6.7.6 Consideration has been given to the
possible sources of tritium in landfill site
waters. Of the above sites only Crooks Marsh
Farm, Milton Landfill and Cowpen Bewley are
known to have received gigabecquerel
quantities of tritium. At Cilgwyn and Asham
(Beddingham) Quarry disposals of,
megabecquerel quantities have been
authorised.

6.7.7 Landfill sites may also receive
disposals of very low level wastes with other
refuse from hospitals, universities and
research centres. Tritium concentrations up to
4000 kBqg per 0.1 m3are permitted. When
these wastes are not incinerated with loss of
tritium to the atmosphere they are disposed
of at local landfill sites.

6.7.8  Tritium gas is used widely in self-
illuminating devices in many proprietary
items such as instruments and signs. From
1985 their use has been exempt from
registration under the Radioactive Substances
Act by Sl No 1047 'The Radioactive
Substances (Gaseous Tritium Light Devices)
Exemption Order 1985'. This order also
exempts the disposal of small GTLDs
containing less than 20 GBq of tritium from
authorisation under the Act provided that no
more than one source is disposed of in any
0.1 m3of non-radioactive waste.
Consequently small GTLDs are disposed of
with other household and trade wastes to
local landfills without further regulatory
control.

6.7.9 The conditions under which
exemption is granted require users to return
large GTLDs containing more than 20 GBq to
a manufacturer of such articles or an
authorised disposer. However, there is no
requirement on the user to inform the
Agency of their installation or disposal;
consequently there is no means of readily
assessing compliance. GTLDs containing
typically 1000 GBqg were installed widely in



the form of EXIT and other warning signs in
public buildings during the 1970s in response
to tighter Health and Safety legislation. These
devices have a working life of about 15 years
during which the radioactivity of the tritium
decays to about half of its original value
resulting in diminished efficiency.

6.7.10 The tritium content of authorised
disposals including dustbin wastes and small
CTLDs is unlikely to be sufficient to result in
the observed elevated concentrations of
tritium in landfill waters. However, the tritium
content of large CTLDs, such as EXIT signs,
would be sufficient to produce elevated
tritium concentrations. One possible
explanation for the increase could be that
many of these signs have been disposed of,
either deliberately or in ignorance of the
regulations, to local landfills instead of being
returned to a manufacturer or authorised
disposer. To examine this hypothesis further
the Agency commissioned NRPB to carry out
a review of the use and disposal of
GTLDs(24) and as part of the review to
investigate the possible sources of elevated
tritium levels in landfill waters. The report of
this work supports this hypothesis and is
being prepared for publication.

6.7.11 Although higher than expected, the
elevated levels of tritium at the sites
concerned do not pose a radiological hazard.
The highest concentration observed during
1996 was 1220 Bq | 1in streamwater
downstream of Cowpen Bewley Tip,
Cleveland, and concentrations even at this
level would result in a dose of only about
14pSv y 1if the stream were to be used as a
drinking water supply.

6.8 AIR AND RAINWATER

6.8.1 A summary of the quarterly
monitoring data for 1996 from this
programme is provided in Table 21. Average
air concentrations of caesium-1 37 measured
at the seven sampling sites during 1996 were
similar to those observed since 1990. The
measured concentrations remain less than
0.01 per cent of those observed in 1986, the
year of the Chernobyl nuclear power reactor
accident, and are of negligible radiological
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significance. Concentrations of caesium-1 37
in rainwater were usually below analytical
limits of detection at the nine rainwater
sampling locations.

6.8.2 Concentrations of beryllium-7, a
naturally occurring radionuclide formed by
cosmic ray reactions in the upper
atmosphere, measured in air during 1996
were similar at all sampling locations. Over
the period 1990-1996, peak air
concentrations of beryllium-7 have tended to
occur during spring and early summer at all
UK sampling sites. These are attributed to a
seasonal variation in the mixing of
stratospheric and tropospheric air.

6.8.3 Annual average concentrations of
plutonium-239+240 and americium-241 in
air and rainwater measured at Aberporth
were a very small fraction of NRPB's
Generalised Derived Limits(3 for members of
the public for air, freshwater and drinking
water.

6.8.4  Tritium concentrations measured in
rainwater during 1996 were consistent with
those found during the earlier 1990s,
particularly at Orfordness and Aberporth. A
decline in tritium concentrations has been
recorded in rainwater at Eskdalemuir; annual
mean concentrations in 1996 were
approximately half of those for 1990.

6.9 DRINKING WATER SOURCES

6.9.1 More than 97 per cent of the
population in England and Wales obtain their
drinking water from the public supply
system. The monitoring programme is
designed to be representative of the principal .
sources and includes 14 impounded waters
(reservoirs), 12 abstraction sources from rivers
and six groundwater boreholes at the
locations shown in Figure 3. The monitored
sources provide water for over 10 million
people.

6.9.2 The samples are representative of
natural waters before treatment and supply
to the public water system. Depending on
the source type, radioactivity levels may be
influenced by local geology, atmospheric



fallout or authorised discharges of radioactive
wastes. Water treatment would be expected
to reduce the levels of radioactivity, while the
extent of reduction would depend on the
water source and the type of treatment.

6.9.3 The results, detailed in Table 22,
show that all the monitored sources are
generally below the WHO guideline values of
0.1 and 1.0 Bq I'dfor gross alpha and gross
beta activities respectively. Minor
exceedances for gross alpha activities
occurred in samples from the groundwater
source at Meerbrook Sough in Derbyshire.
Elevated concentrations of uranium confirm
that this is caused by the local geology. The
concentrations are radiologically insignificant.
The few minor exceedances in samples from
some of the other locations are
inconsequential, being transitory and not
confirmed by the other analyses.

6.9.4  Results for the River Thames which
receives authorised discharges from
Amersham International, UKAEA Harwell and
MoD Aldermaston are consistent with those
from the Agency's regulatory monitoring in
the vicinity of the sites' discharge points.
They confirm that the discharges have no
detectable influence on activity levels
particularly of tritium, the principal
.component of the discharges, both close to
and distant from the discharge points.
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7. SUMMARY AND CONCLUSIONS
71 The 1996 programme of monitoring
was completed satisfactorily. The programme
included the analysis of a total of 160 effluent
samples, the analysis of solid radioactive
waste destined for disposal at the BNFL Drigg
site/direct monitoring at over 150 locations
in the vicinity of nuclear sites and the analysis
of a total of 532 environmental samples.

7.2 The programme acts as a check on
site operators' returns and provides
independent data on the environmental
impact of authorised disposals of radioactive
wastes and on radiation doses to critical
groups of the public.

7.3 The environmental monitoring
programme concentrates on monitoring
activity levels in environmental materials
which might result in radiation exposure of
the public from non-food pathways.

741 Insummary, radiation exposures
from these pathways which may have been
incurred by members of the public in 1996
remain similar to those in previous years and,
in all cases; are estimated to have been
substantially less than the principal dose limit
of 1 mSv per year.
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TABLE 1

PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Discharge limit Discharges
Establishment Radionuclide annual equivalent during 1996 %oflimit (b)
TBq TBq(a)

Amersham International pic

Amersham

Liquid Alpha 3.00E-04 6.75E-05 23
Beta >0.4 MeV 1.00E-01 1.59E-02 16
Tritium 2.00E-01 2.84E-03 14
lodine-125 2.00E-01 1.27E-03 0.6
Caesium-1 37 5.00E-03 2.67E-05 0.5
Other radionuclides 3.00E-01 1.28E-01 43

Gaseous Alpha 2.00E-06 3.50E-07 18
Other (penetrating) 5.00E-02 1.60E-04 0.3
Other (non-penetrating)  5.00E-01 2.30E-02 4.6
Tritium 4.00E+01 6.50E-04 0.0
Selenium-75 3.00E-02 6.70E-04 2.2
lodine-131 5.00E-02 6.90E-03 14
Radon-222 1.00E+01 1.70E+00 17
lodine-125 1.00E-01 2.20E-02 29

Cardiff

Liquid Tritium 9.00E+02 5.42E+02 60 I
Carbon-14 2.00E+00 1.60E+00 80
Phosphorus-32/33 1.00E-02 1.33E-04 13
lodine-125 5.00E-02 1.55E-02 Kil
Others 5.00E-04 1.46E-04 29

Gaseous Soluble tritium 4.00E+02 1.73E+02 43

Insoluble tritium 1.00E+03 5.22E+02 52
Carbon-14 6,00 E+00 3.84E+00 64
Phosphorus-32/33 2.00E-04 5.53E-06 2.8
lodine-125 5.00E-04 1.20E-04 24
Other activity 4.00E-02 1.22E-03 31

British Nuclear Fuels pic

Capenhurst

[ Rivacre Brook Uranium 2.00E-02 1.40E-03 7.0

Uranium daughters 2.00E-02 3.00E-03 15

Non-uranic alpha 3.00E-03 6.80E-05 2.3

Technetium-99 1.00E-01 3.20E-03 3.2

Gaseous Uranium (c) 5.20E-06
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Establishment

Drigg
Sea pipeline

Stream (e)

Sellafield
Sea pipelines

Factory sewer

Caseous (g, h)

Radionuclide

Alpha
Beta (d)
Tritium
Alpha
Beta (d)
Tritium

Alpha

Beta

Tritium
Carbon-14
Cobalt-60
Strontium-90
Zirconium-95+
Niobium-95
Technetium-99
Ruthenium-106
lodine-129
Caesium-1 34
Caesium-1 37
Cerium-144
Plutonium alpha
Plutonium-241
Americium-241
Uranium (f)
Alpha

Beta

Tritium

Alpha

Beta

Tritium
Carbon-14
Sulphur-35
Argon-41
Cobalt-60
Krypton-85
Strontium-90
Ruthenium-106
Antimony-125
lodine-129
lodine-1 31

TABLE 1(cont)

Discharge limit

annual equivalent

TBq

1.00E-01
3.00E-01
1.20E+02
9.00E+04
1.20E+06
6i00E+08

1.00E+00
4.00E+02
3.10E+04
2.08E+01
1.30E+01
4,80E+01
9.00E+00

2.00E+02
6.30E+01
2.00E+00
6.60E+00
7.50E+01
8.00E+00
7.00E-01
2.70E+01
3.00E-01
2.04E-f03
3.30E-03
1.35E-02
132E-01
3.50E-03
3.58E-01
1.45E+03
8.84E+00
2.10E-01
3.70E+03
9.20E-04
5.90E+05
9.40E-03
9.60E-02
5.00E-03
7.60E-02
5.50E-02
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ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Discharges
during 1996
TBq(a)

2.66E-04
8.95E-03
1.95E+00
1.20E+02
3.80E+03
2.50E+05

2.75E-01

1.43E+02
3.01 E+03
1.09e+01
4.29E-01

1.60E+01
1.15E+00

1.55E+02
9.02E+00
41 3E-01
. 271E01
1.03E+01
7.79E-01
2.09E-01
4.35E+00
7.37E-02
1.16E+03
3.40E-05
7.10E-04
1.20E-02
1.80E-04
3.40E-03
5.30E+02
6.30E-01
1.40E-01
2.60E+03
5.00E-05
9.40E+04
1.20E-04
8.80E-04
7.60E-04
2.50E-02
2.30E-03

%of limit (b)

0.3
3.0
16
01
0.3
01

28
36
9.7
52
33
33
13

77
14
21

14
9.7
30
16
25
57
1.0
53
91
51
09
37
71
67
70
54
16
13
0.9
15
33
4.2



PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Establishment

Sellafield (cont)

Springfields
Liquid

Gaseous

Devonport Royal
Dockyard Ltd
Pipeline (i)

Hunting BRAE Ltd
. Aldermaston
Pipeline

Silchester
Liquid

Gaseous (g)

Burghfield
Liquid

Gaseous (g)

TABLE 1(cont)

Radionuclide

Caesium-1 37
Plutonium (alpha)
Plutonium-241
Americium-241 and
Curium-242

Alpha

Beta
Technetium-99 .
Thorium-230
Thorium-232
Neptunium-237
Uranium
Uranium

Total activity (j)
Tritium
Cobalt-60

Alpha

Tritium
Plutonium-241
Other radionuclides

Alpha

Beta

Alpha

Beta (k)
Tritium
Krypton-85

Alpha

Other radionuclides
Alpha

-Tritium

Krypton-85

41

Discharge limit
annual equivalent
TBq

1.83E-02
1.34E-03
1.81E-02
7.50E-04

4.00E+00
2.40E+02
6.00E-01
2.00E+00
2.00E-01
4.00E-02
1.50E-01
6.00E-03

2.00E-03
1.20E-01
1.60E-02

1.50E-04
5.00E-02
6.00E-04
1.50E-04

1.00E-04
3.00E-04
9.00E-07
4.60E-06
3.40E+02
4.00E-01

2.00E-06
1.20E-05
2.00E-08
3.50E-01
1.00E+00

Discharges
during 1996
TBq(a)

8.50E-04
6.40E-05
5.90E-04
4.90E-05

1.24E-01
1.53E+02
3.30E-02
4.80E-02
1.40E-03
2.00E-04
6.1 OE-02
2.11E-03

4.03E-05
7.65E-02
5.1 6E-05

1.28E-05
1.64E-03
5.10E-05
1.33E-05

6.71 E-06
4.45E-05
1.65E-07
1.11 E-07
9.46E+00
3.00E-03

3.18E-08
6.36E-08
4.00E-10
9.40E-05
3.80E-02

%of limit (b)

4.6
4.8
3.3
6.5

31
64
5.5
2-4
0.7
0.5
41
35

2.0
64
0.3

8.5
3.3
8.5
'8.9

67 ]
15
18 ]
2.4
2.8
0.8

16 |
0.5
2.0
0.1
3.8



PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Establishment

Magnox Electric pic (I)
Berkeley Power Station
and Technology Centre

Liquid

Caseous (Technology Centre)
Caseous (Power Station and

Technology Centre)

Bradwell
Liquid

Caseous

Dungeness A

Liquid

Gaseous

Hinkley Point A

Liquid

Caseous

TABLE 1(cont)

Radionuclide

Tritium

Caesium-1 37
Other radionuclides
Alpha and beta
Alpha and beta

Tritium
Carbon-14
Sulphur-35

Tritium

Caesium-1 37
Other radionuclides
Beta

Tritium

Sulphur-35
Carbon-14
Argon-41

Tritium

Caesium-1 37

Other radionuclides
Beta

Tritium

Carbon-14
Sulphur-35
Argon-41

Tritium
Caesium-137

Other radionuclides
Beta

Tritium

Carbon-14
Sulphur-35
Argon-41

Discharge limit
annual equivalent
TBq

8.00E+00
2.00E-01
4.00E-01
2.00E-05
2.00E-04

2.00E+00
2.00E-01
6.00E-03

3.00E+01
7.50E-01
1.00E+00
1.00E-03
1.50E+00
2.00E-01
6.00E-01
1.00E+03

3.50E+01
1.20E+00
1.40E+00
1.00E-03

2.00E+00
5.00E+00
4,00E-01

2.00E+03

2.50E+01
1.50E+00
1.0CE+00
1.00E-03
2.50E+01
4.00E+00
2.00E-01
450E+03
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Discharges
during 1996
TBq(a)

3.72E-02
1.03E-02
3.87E-02
3.14E-06
3.76E-06

9.59E-03
2.66E-04
n/a

1.36E+00
3.93E-01
3.63E-01

. 2.23E-04
7.86E-01
7.65E-02
3.57E-01
6.47E+02

1.38E+00
5.54E-01
2.81 E-01
3.22E-04
1.03E+00
2.53E+00
4.96E-02
9.62E+02

7.23E-01
4.35E-01
1.80E-01
1.64E-04
3.47E+00
1.05E+00
7.75E-02
2.30E+03

%of limit (b)

05
5.2
9.7

16 |
1.9

05
0.1

4.5
52
36
22
52
38
60
65

3.9
46
20
32
52.
51
12
48

2.9
29
. 18
16
14
26
39
51



Establishment

Oldbury
[[ Liquid

Caseous

Sizewell A
Liquid

Trawsfynydd

Liquid

Caseous

Wylfa

Caseous

TABLE 1(cont)

Radionuclide

Tritium

Caesium-1 37

Other radionuclides
Beta

Tritium

Carbon-14
Sulphur-35
Argon-41

Tritium
Caesium-137

Other radionuclides
Beta

Tritium

Carbon-14
Sulphur-35
Argon-41

Tritium
Strontium-90
Caesium-1 37

Other radionuclides
Beta

Tritium

Carbon-14
Sulphur-35
Argon-41

Tritium

Other radionuclides
Beta

Tritium

Carbon-14
Sulphur-35
Argon-41

43

Discharge limit
annual equivalent
TBq

2.50E+01
7.00E-01
1.30E+00
1.00E-03
5.00E+00
6.00E+00
7.50E-01
5.00E+02

3.50E+01
1.00E+00
7.00E-01
1.0QE-03
7.00E+00
1.50E+00
6.00E-01
3.00E+03

1.20E+01
8.00E-02
5.00E-02
7.20E-01
2.00E-03
1.00E+01
5.00E+00
4.00E-01
3.50E+03

4.00E-f01
1.50E-01
1.00E-03
2.00E+01
2.40E+00
5.00E-01
1.20E+02

PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Discharges
during 1996
TBq(a)

1.86E-01
5.15E-02
3.13E-01
9.06E-05
1.73E+00
3.85E+00
2.49E-01
1.12E+02

1.13E+00
3.60E-01
2.29E-01
2 33E-05
8.74E-01
1.07E-01
9.60E-03
2.95E+02

1.03E-01
4.40E-03
6.1 7E-03
1.01 E-02
1.62E-06
~6.30E-02
7.02E-04

9.88E+00
6.1 CE-02~
8.70E-05
6.70E+00
1.24E+00
2.00E-01
4.39E+01

%of limit (b)

0.7

7.4
24

91
35
64
33
22

3.2
36
33
2.3
13
71
16
-9.8

55
12
14

0.6
0.1
0.0
0.0

25
4

8.7
34
52
40
37



TABLE 1(cont)

PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Discharge limit Discharges
Establishment Radionuclide annual equivalent during 1996 %of limit (b)
TBq TBq(a)

Nuclear Electric Ltd (m)

Dungeness B

Liquid m Tritium 6.50E+02 2.52E+02 39
Sulphur-35 2.00E+00 3.16e-01 16
Cobalt-60 3.00E-02 1.66E-03 55
Other radionuclides 2.50E-01 1.67E-02 6.7 =

Gaseous Beta particulate 1.00:-03 4.86E-05 4.9
Tritium 1.50E+01 1.52E+00 10
Carbon-14 . 5.00E+00 4.90E-01 9.8
Sulphur-35 4.50E-01 1.33E-02 3.0
Argon-41 1.50E+02 2.79E+01 19
lodine-131 5.00E-03 4.14E-06 01

Hartlepool

Liquid Tritium 1.20E+03 3.53E+02 29
Sulphur-35 3.00E+00 8.99E-01 30
Cobalt-60 3.00E-02 1.45E-02 48
Other radionuclides 3.00E-01 5.48E-03 1.8

Gaseous Beta particulate 1. OCE-03 3.49E-05 35
Tritium 6.00E+00 1.56E+00 26
Carbon-14 5.00E+00 1.51E+00 30
Sulphur-35 1.60E-01 . 4.77E-02 30
Argon-41 6.00E+01 2.39E+01 40
lodine-1.31 5.00E-03 2.75E-04 55

Heysham 1

Liquid Tritium 1.20E+03 341 E+02 28
Sulphur-35 2.80E+00 2.23E-01 8.0
Cobalt-60 3.00E-02 1.02E-03 34
Other radionuclides 3.00E-01 7.82E-03 2.6

Gaseous Beta particulate 1.0CE-03 4.74E-05 4.7
Tritium 6.00E+00 9.23E-01 15
Carbon-14 4.00E+00 1.02E+00 26
Sulphur-35 1.20e-01 1.37E-02 n
Argon-41 6.00E+01 1.07E+01 18

lodine-1 31 5.00E-03 1.20E-03 24
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PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Establishment

Heysham 2
Liquid

Caseous

Hinkley Point B
Liquid

Gaseous

Sizewetl B
Liquid

Gaseous (outlets 1 - 3)

TABLE 1(cont)

Radionuclide

Tritium

Sulphur-35
Cobalt-60

Other radionuclides
Beta particulate
Tritium

Carbon-14
Sulphur-35
Argon-41
lodine-131L

Tritium

Sulphur-35
Cobalt-60

Other radionuclides
Beta particulate
Tritium

Carbon-14
Sulphur-35
Argon-41
lodine-131

Tritium

Other radionuclides
Noble gases
Halogens

Beta particulate
Tritium

Carbon-14

45

Discharge limit
annual equivalent
TBq

«1.20E+03
2.30E+00
3.00E-02
3.00E-01
1.00E-03
1.50E+01
3.00E+00
3.00E-01
8.50E+01
5.00E-03

6.20E+02
5.00E+00
3.30E-02
2.35E-01
1.00E-03
3.00E+01
8.00E+00
4.00E-01
3.00E+02
5.00E-03

4.00E+01
2.00E-01
2.95E+02
2.70E-03
1.00E-02
7.80E+00
5.90E-01

Discharges
during 1996
TBq(a)

3.79E+02
3.58E-02
6.90E-04
1.14E-02
2.20E-05
2.14E+00
8.49E-01
1.74E-02-
1.296+01
2.32E-04

3.20E+02
7.95E-01
4.00E-04
8.64E-03 .
7.68E-05
2.1 C=+00
1.93E+00
7.00E-02
3.32E+01
2.09E-05

3.76E+01
1.99E-02
6.11 E+00
4.92E-05
8.7TE-06
5.79E-01
5.42E-02

%oflimit (b)

32
1.6
23
3.8
2.2

14

28
5.8

15
4.6

52

16
1.2
3.7
7.7
7.0

24

0.4

94

10
21
1.8
0.0
7.4
9.2



PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Establishment

United Kingdom Atomic

Energy Authority

Harwell

Pipeline

Lydebank Brook

Gaseous

Windscale

Gaseous

Winfrith

Inner pipeline

Outer pipeline

Gaseous

URENCO

Capenhurst
Gaseous

TABLE 1(cont)

Radionuclide

Alpha
Beta (d)
Tritium
Cobalt-60
Caesium-137
Alpha
Beta (d)
Tritium
Alpha
Beta
Tritium

Alpha

Beta
Tritium
Krypton-85
lodine-1 31

Alpha

Tritium

Cobalt-60

Zinc-65

Other radionuclides
Alpha

Tritium

Other radionuclides
Alpha

Beta

Tritium

Carbon-14
Krypton-85

Uranium

Discharge limit
annual equivalent
TBq

1.00E-03
2.00E-02
4.00E+00
7.0CE-03
7.00e-03
5.00E-04
2.00-03
1.0CeQ
7.00E-06
4.50E-04
1.50E+02

1.20E-05
5.0C-03 .
2.30E+00
1.40e+01
1.20E-03

3.00E-01
6.50E+02
1.0CE+0
6.00+00
8.00E+01
4.00e-03
1.00+00
1.0Ce-Q2
2.00E-06
2.50E-05
5.0C+0
3.00E-01
1.50E+02

2.50E-06

46

Discharges
during 1996
TBq(a)

4.14E-05
1.82E-03
5.20E-02
8.57E-05
31I1E-04
4.56E-05
3.00E-04
1.87E-02
2.90E-07
6.30E-06
6.90E+00

4.20E-07
2.20E-04
8.20E-03
2.40E-02
6.00E-06

1.83E-03
1.59E+00
1.99E-03
6.80E-04
2.40E-02
1.19E-04
1.77E-02
1.85E-04
4.08E-10
9.24E-09
6.11E-01
5.84E-04
0.0CE+00

1.10E-07

%oflimit (b)

41
91
13
12
4.4
91

19
41
14
4.6.

35
44
0.4
0.2
0.5

0.6
0.2
0.0
0.0
0.0
3.0
1.8
1.9
0.0
0.0
12.2;
0.2
0.0

4.4



TABLE 1(cont)

PRINCIPAL DISCHARGES OF RADIOACTIVE WASTE FROM NUCLEAR
ESTABLISHMENTS IN ENGLAND AND WALES IN 1996

Discharge limit Discharges
Establishment Radionuclide annual equivalent during 1996 %oflimit (b)
TBq TBq(a)

Vickers Shipbuilding

and Engineering Ltd

Barrow ,
Tritium 2.00E-02 2.09e-03 1u
Manganese-54 2.50E-07 5.51 E-09 22
Cobalt-58 7.00E-07 2.22E-09 0.3
Cobalt-60 7.00E-08 1.29E-08 18
Tin-113 2.50E-07 5.49E-09 2.2
Antimony-124 2.00E-06 8.85E-09 04
Other radionuclides 3.50E-06 NO6E-07 5.6

Gaseous Tritium 3.20E-06 O.00E+00 0.0
Argon-41 8.00E-02 O.0CE+00 0.0

(a) Some discharges are upper estimates because they include "less than " data derived from analyses of effluents at limits of
detection. Data quoted to threesignificant figures except where fewer significant figures are provided in source documents.

(b) Data quoted to two significant figures except when values are less than Iper cent.

(©) There are no numerical limits for this discharge. However, the authorisation stipulates that the Best Practicable Means
should be used to control the discharge.

IS Excluding tritium.

(e Discharges and limits are expressed in terms of concentrations of activity in Bqg m }.

® The limit and discharge data are expressed in kg.

(9) Discharge limits and discharges are aggregated from data for individual locations on site. Percentages are given as a
general guide to usage of the limits but should strictly be calculated for individual locations. All discharges were below the
appropriate limit for each location.

(h) Some limits are related to the operation of the THORP plant and may thus vary from year to year.

O) The authorisation includes a limit on concentration of total activity of 4.0E-6 TBg m\ At no time did the concentration
exceed the limit.

(i) Excluding cobalt-60.

(3] Excluding tritium, plutonium-241, krypton-85 and volatile beta emitters (no releases in this category during the year).

0) Nuclear Electric pic changed its name to Magnox Electric pic on 1 April 1996.

(M) The total discharges quoted represent the total discharges from the approved outlets (liquid and gaseous) for power
stations in 1996, but the owner and operator changed as of 7 April 1996 from Nuclear Electric pic to Nuclear Electric Ltd.

The new authorisations issued in 1996 did not alter any of the numerical limits."'
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TABLE 2

MEAN GAMMA RADIATION DOSE RATES AT 1 METRE
OVER INTER-TIDAL AREAS OF THE WEST CUMBRIAN COAST

Dose rate, pGy h’ Occupancy Estimated annual
dose in excess of
background
Location Ground type Quarter 2 Quarter 4 hry1 jjSvy1l

Whitehaven Harbour Silt 0.14 0.15 470 30
St Bees Sand 0.10 011 300 14
mCoulderton Sand 0.12" 0.13 300 19
Nethertown Sand 0.13 0.13 300 20
[ Braystones Sand 0.12 0.13 .300 19
Sellafield (Ehen Spit) Sand 0.12 0.13 300 20
Seascale Sand . 0.11 0.10 300 14
Drigg Sand 0.10 011 470 22
Saltcoats Silt 011 0.13 300 13
Ravenglass Silt 0.12 0.11. 300 1
Newbiggin Silt 0.14 0.15 315 19
Haverigg Sand 0.08 0.09 920 . 28
Askam Sand . 0.10 0.09 960 35
Walney Island Sand 0.07 0.09 300 10

Notes
7 Each result is the mean of three individual measurements.

2. Occupancy data were obtained from studies of each location by MAFFU and RSGB<t=

3. The dose rates shown include a contribution from background radiation.
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TABLE 3

RADIOACTIVITY IN SEDIMENTS FROM WEST CUMBRIA

Concentrations in sediment samples Bq kgl(dry weight)

Radionuclide Ehen Spit Newbiggin Newbiggin Newbiggin Newbiggin  Walney Island
(Sand) (Silt) (Silt) (Silt) (Silt) (Sand)
Quarter 1 Quarter 1 Quarter 2 Quarter 3 Quarter 4 Quarter 1
Cross alpha 350 1490 1010 1110 1310 <100
Gross beta 730 3680 2050 2170 2904 <500
Cobalt-60 31 15 21 13 13 <1
Strontium-90 <100 210 200 190 220 <100
Niobium-95 < 4 32 ‘¢ <6.5 5 <
Zirconium-95 <1 <8 <13 <0.8 3.3 <1
Ruthenium-106 < 71 220 85 145 2
Silver-11Om <0.3 <0.6 < <1 <5 <0.2
Antimony-125 <0.8 10 9.9 5.9 9.3 <0.5
Caesium-1 34 <0.3 3 <3 < <2 <0.3
Caesium-1 37 83 510 280 220 310 15
Cerium-144 < 12 23 81 9.8 <1
Europium-154 <5 15 10 7 n <0.7
Europium-155 < 55 4.9 5 4.8 <0.6
Plutonium-238 30 110 76 77 110 91
Plutonium-239/240 140 590 350" 350 470 41
Plutonium-241 3050 13000 5000 4100 9790 <1000

Americium-241 180 -840- - 450 460 550 45
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TABLE 4
RADIOACTIVITY IN SURFACE WATERS FROM WEST CUMBRIA

Location Radionuclide Sample concentration Bg kgl
Quarter 1 Quarter 2 Quarter 3 Quarter 4

Ehen Spit issue Gross beta 31 9.6 4.2 6.4 |
Tritium 320 600 210 450
j Caesium-137 1.5 0.89 11 1.7
Potassium-40 <10 10 <20 <10
Factory sewer outfall Gross beta <5 0.5 0.9 <0.5
Tritium 14 9.1 18 22
[ Caesium-137 <0.1 <01 <0.5 - <03 |
River Calder Gross beta <05 <0.5 <0.5 <0.5 ]
Tritium 8 10 16 13
[ Caesium-137 <0.6 0.66 <01 <01 ]
River Calder at bridge Tritium 6 N.S. N.S. N.S.
River Ehen Tritium 3 N.S. N.S. N.S.
River Mite Tritium 6 N.S. N.S. N.S.
River Irt Tritium 6 N:S. N.S. N.S.
| River Esk Tritium 6 N.S. N.S. N.S.
Wastwater Tritium 3 N.S. N.S. N.S.
j Ennerdale Water Tritium 3 N.S. N.S. N.S.
Devoke Water Tritium 3 N.S. N.S. N.S.
j Thirlmere Tritium 4 N.S. N.S. N.S.
Notes
1 Except where specified, for all samples:

a) gross alpha activities were less than 0.1 Bq kg';
b) gross beta activities were less than 1.0 Bq kg’

c) no other radionucleides were detected by gamma-ray spectrometry.
2. With the exception of Ehen Spit issue, factory sewer outfall and River Calder, samples were collected once per
year.

3. N.S. -not sampled.
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TABLE 5

RADIOACTIVITY IN SURFACE WATERS
IN THE VICINITY OF BNFL DRIGG

Location Radionuclide Sample concentration Bg kg'l
Quarter 1 Quarter 2 Quarter 3 Quarter 4
Drigg Stream Cross alpha <01 <0.1 <0.1 <0.1
Gross beta <1 <1 <1 <1
water Tritium 34 150 170 210
Strontium-90 <1 <1 <l <1
Technetium-99 <01 <0.1 <01 <01
Caesium-137 <0.3 0.6 <01 <0.2
Drigg Stream Gross alpha 330 <100 <100 <100
Gross beta 1360 <500 600 540
Cobalt-60 4.5 2.9 3.0 3.8
Strontium-90 <10 <10 <10 ° <1°
Niobium-95 <0.9 <4 <0.9 <
Zirconium-95 <0.9 <3 <038 <1
Ruthenium-106 5 <9 <3 5
Silver-110m 3 < <04 <0.9
sediment Antimony-125 < 3 < <2
Caesium-134 3 3 <3 3
Caesium-137 710 320 360 370
Cerium-144 3 4 <2 <4 ~
Europium-154 <1 4 <0.8 <1
Europium-155 4 <2 i <1l_
Plutonium-238 3.27 5.6 " 99 12
Plutonium-239/240 ' 19 ' 24 34
Plutonium-241 1400 400 450 680
Americium-241 46 1 13 21
Railtrack drain Gross alpha '<0.1 N.S. kTsT N.S.
Gross beta <10 ISLS. L N.S. N.S.
water Tritium Tio N.S. N.S. N.S.
Strontium-90 <1.0 N.S. _ NS " N.S
Technetium-99 <01 N.S. N.S. N.S
Caesium-137 <0.14 N.S." N.S. N.S
Notes

1 All samples:

(@) plutonium-238, plutonium-(239+240), plutonium-241, americium-241 and thorium were less than 0.1, 0.1,
1.0, 0.1 and 0.1 Bq kgsrespectively;

(b)  uranium-235 and uranium-238 were less than 0.1 Bq kg ';

(c) no radionuclides were detected by gamma-ray spectrometry.

2. The Railtrack drain was sampled in the first quarter only of 1996.

3. N.S. -not sampled.
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TABLE 6

RADIOACTIVITY IN WATER AND MUD SAMPLES FROM RIVACRE BROOK
DOWNSTREAM OF BNFL CAPENHURST

Water concentration, Bq kg1l

Sample Mud concentration, Bg kg ’(dry weight)
Location type Radionuclide Quarter 2 Quarter 3
0.7km downstream Water Cross alpha <0.1 <0.1
of BNFL's outfall Cross beta 5.0 11.0
Uranium-235 <0.1 <0.8
Uranium-238 <0.1 <0.1
Technetium-99 23 0.6
Neptunium-237 {01 <0.1
Mud Gross alpha <280 310
Gross beta 2100 2700
Uranium-235 14 20
Uranium-238 200 250
Caesium-1 34 <1.8 <0.26
Caesium-1 37. 15 13
Neptunium-237 35 53
Technetium-99 1800 2100
1.6km downstream Water Gross alpha <0.1 <01
of BNFL's outfall Gross beta 11 55
Uranium-238 210 260
Caesium-1 34 <0.7 <0.3
Caesium-137 5.9 5.6
Neptunium-237 57 44

Technetium-99 1210 .780
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TABLE 6 (cont)

RADIOACTIVITY IN WATER AND MUD SAMPLES FROM RIVACRE BROOK
DOWNSTREAM OF BNFL CAPENHURST

Sample
Location type
3.1km downstream Water
of BNFL's outfall
Mud
Water
4.3km downstream Mud

of BNFL's outfall ]

Notes

Radionuclide

Gross alpha
Gross beta
Uranium-235
Uranium-238
Technetium-99
Neptunium-237

Gross alpha
Gross beta
Uranium-235
Uranium-238
Caesium-1 34
Caesium-137 '
Neptunium-237
Technetium-99

Gross alpha
Gross beta
Uranium-235
Uranium-238
Technetium-99
Neptunium-237

Gross alpha
Gross beta
Uranium-235
Uranium-238"
Caesium-1 34
Caesium-1 37
Neptunium-237
Technetium-99

Water concentration, Bq kgl
Mud concentration, Bq kg’(dry weight)

Quarter 2

<01
15
<01
<01
0.6
<01

280

<1000
1.0

210
<0.2

<1

<10

220

<01
<05
<01
<01
<01
<01

<100
<1000
4.9
97
<0.3
77
28
140

Quarter 3

<01
34
<0.1
<0.1
0.7
<0.1

<100
<1000
2.8
30
<0.2 '
13
<10
110

<01~
4.1

<01

<0.1-
11

<0.1

<100
<1000
3.6
46
<0.2
2.4
12
200

1 Gamma radiation dose rates, including a contribution from background, measured each quarter at each

location did not exceed 0. I.fjiCy h\



TABLE 7

RADIOACTIVITY IN WATER AND SEDIMENTS
IN THE VICINITY OF BNFL SPRINGFIELDS

Location Radionuclide Water concentration, Bq kgl
Sediment concentration, Bq kgl (dry weight)
Quarter 1 Quarter 2 Quarter 3 Quarter 4

Bank of Ribble Gross alpha <1000 <1000 <1000 <1000
Estuary near pipeline Cross beta 134200 150000 190000 25400
out-fall *Cobalt-60 <05 <0.5 << 2.8
*Caesium-134 5 <1 < <7
*Caesium-137 110 46 160 560
Sediment** *Europium-154 < <1 << <4
*Americium-241 <10 <40 <30 322
*Neptunium-237 <100 <100 <100 <100
Uranium-235 4 2.8 3.8 <0.5
Uranium-238 74 61 110 14
Thorium-230 110 100 230 72
Thorium-232 15 9.5 12 16
Thorium-234 218000 148700 351100 39180
Protactinium-234m 281900 191200 404500 . 42430
Protactinium-234 150 180 . 270 63
Deepdale Brook Gross alpha 1.2 3.0 32 <01
Gross beta <05 4.7 7.3 <05
Water Uranium-235 <0.1 <01 <01 <01
Uranium-238 0.86 2.9 35- <0.1
Gross alpha <1000 <1000 <1000 <1000
Sediment** Gross beta <10000 <10000 <10000 <10000
Uranium-235 12 2.2 4:2 4.7
Uranium-238 240 50 80 95
Thorium-230 85 51 62 68
Thorium-232 23 9.0 8.4 7.4
Neptunium-237 <100 <100 <100 <100
Caesium-1 34 <0.6 <0.2 <0.3 <2
Caesium-1 37 7.9 1.3 1.8 35
Europium-155 . <1 <0.6 <0.8 <0.8
Protactinium-234m 1300 <100 570 270

Thorium-234 930 48 250 190
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Location

} Bank of the River Ribble

near Savick Brook

Sediment**

j Bank of the River Ribble

[ near Penwortham Bridge 1

Sediment**

| Bank of the River Ribble
near Broadgate *

Sediment**

: Bank of the River Ribble
} near Lower Penwortham [
| Park j

Sediment**

TABLE 7 (cont)

RADIOACTIVITY IN WATER AND SEDIMENTS
IN THE VICINITY OF BNFL SPRINGFIELDS

Radionuclide

*Caesium-134

- SRR

Thorium-230
I Thorium-232
Thorium-234
Protactinium-234m
Uranium-235 ~
Uranium-238
*Americium-241
*Caesium-134
*Caesium-137
*Cobalt-60
Thorium-230
I Thorium-232
Thorium-234

Protactinium-234m~37500, _

AUranium-235
Uranium-238
*Americium-241
*Caesium-134
*Caesium-137
’ *Cobalt-60
Thorium-230
Thorium-232
AThorium-234
Protactinium-234m
Uranium-235
Uranium-238
*Americium-241 _
*Caesium-134
*Caesium-137
*Cobalt-60
Thorium-230
[ Thorium-2Y2
Thorium-234
Protactinium-234m
Uranium-235
Uranium-238

~ *Americium-241

SS

Water concentration, Bq kg'l
Sediment concentration, Bg kgl (dry weight)
Quarter 1 Quarter 2 Quarter 3 Quarter 4

8.9 3
750 73
rq X
230 - 200
45 42

184400 * 746200 _
206600 879000

4.4 7.4
85 130
580~ 1240
<0.6 <2
440 490
<3 <4
260 250
35 33
29540 " 168800
215300
2.1 3.2
40 58
170 610
<0.8 <20
700 750
3.0 <6
170 190
45 46
40810 284600
A&>70 324600 _
25 4.1
48 71
310 630
<0.9 4
880 530
~ 4A 5
410 360
43 40
51300_ 108700
58800 145900
2.4 3.3
44 56
350 310

<3

&P

230
27
637400 "
711200
7.0
110
1490
<0.8
290
<
100
1
57640
64170"
1.2
33
209
<<
660
<6
110
29
238700
282400
5.0
60
570
<1
550
<3
400
43
80900

92400

41

<4
<P

310~
25

423700
464000

5.3
100

152 °
<0.7 1

290
3
84
17

27320

39290
1.3
26
230
19
670
<7 _

140
24

89000 ™

120500
1.7
38
510
<0.7
550
33
180
23
29600
54800
0.9
3A
300

]

N

N

*



Location

Bank of the River Ribble
near Penwortham
railway bridge

Sediment**

Bank of the River Ribble
opposite Frenchwood
Position 1

Sediment**

Bank of the River Ribble
opposite Frenchwood
Position 2

Sediment**

Lytham Yacht Club

Sediment**

NOTES

1 * |t is considered that the presence of these nuclides in
the Ribble Estuary results from the marine transport of

TABLE 7 (cont)

RADIOACTIVITY IN WATER AND SEDIMENTS
IN THE VICINITY OF BNFL SPRINGFIELDS

Radionuclide

*Caesium-1 34
*Caesium-I| 37
*Cobalt-60
Thorium-230
Thorium-232
Thorium-234
Protactinium-234m
Uranium-235
Uranium-238
*Americium-241
*Caesium-1 34
*Caesium-1 37
*Cobalt-60
Thorium-230
Thorium-232
Thorium-234
Protactinium-234m
Uranium-235
Uranium-238
*Americium-241
*Caesium-1 34
*Caesium-1 37
*Cobalt-60
Thorium-230
Thorium-232
Thorium-234
Protactinium-234m
Uranium-235
Uranium-238
*Americium-241
*Caesium-134
*Caesium-1 37
*Cobalt-60
Thorium-230
Thorium-232
Thorium-234
Protactinium-2 34m
Uranium-235
Uranium-238
*Americium-241

material discharged to sea from BNFL Sellafield.

** Results of these analyses have been corrected for

decay to the sampling date in each case.

Water concentration, Bg kgl

Sediment concentration, Bq kgl (dry weight)
Quarter 1 Quarter 2 Quarter 3 Quarter 4

58
770
4.5
220
46
44200
52800
2.7
47
320

690

220
48
5800

2.7
55
280

570
3.9

200

42

18400

21900
2.3

48

240
<0.6

540

100

37

10700

15000
15

3#

210

<
730
4.9
200
46
225300
271700
4.0
64
470
<3
470
<3
210
38
63400
83400
2.6
57
250
5
290
<
180
36
19100
24800
25
41
130

660
3.9

86

38

49500

62300
23

45

310

<
700690
<6

160

36
92300
101100
41

70

350

<

520
<3

= 240
36

144600

159100
24

49

400
<

430
3

190
22
97800

126100
21

3

240
<0.7

650
5.0

60

22

24000

28200
1.8

29

330

<
690
<6
160
21
84100
112900
0.8
37
470
<1
560
4.7
190
34
73000
99400
13
40
320
<
530
<5
130
21
59100
80900
0.8

340
<0.9
600

89

25
15000
19000
<1

17
280

All protactinium-234m results are calculated using an
abundance value of 0.90 per cent.

234 concentrations relative to the protactinium-234m
concentrations probably result from self-absorption in

the sample during analysis.

The low thorium-



TABLE 8

MEAN GAMMA RADIATION DOSE RATES AT 1 METRE
OVER INTER-TIDAL AREAS IN THE VICINITY OF BNFL SPRINGFIELDS

Location Dose rate, pGy h1l
Quarter 2 Quarter 4

Bank of Ribble Estuary near pipeline out-fall 0.13 0.21
Bank of the River Ribble near Savick Brook 0.27 0.39
Bank of the River Ribble near Penwortham Bridge 0.17 0.21
Bank of the River Ribble near Broadgate 0.18 0.22
Bank of the River Ribble near Lower Penwortham Park 0.15 0.18
Bank of the River Ribble near Penwortham Railway Bridge 0.11 0.18

Notes

1  Each result shown for the bank of the Ribble Estuary is the mean of three readings obtained using a Mini-
Instruments Environmental meter type 6-80.

2. The dose rates shown include a contribution from background radiation.

TABLE 9
MEAN GAMMA RADIATION DOSE RATES AT 1 METRE
OVER INTER-TIDAL AREAS IN THE VICINITY OF
NUCLEAR ELECTRIC POWER STATIONS

Dose rate, pGy h'

Location Ground type Quarter 2 Quarter 4
Sizewell
Sizewell Beach Sand 0.07 “ 0.06
] Bradwell
Bradwell Beach Sand 0.39 0.11
Beach opposite power Silt 0.07 0.06

station on north side of estuary

Dungeness

Rye Bay ' Sand 0.06 ’
Jury Gap Pebbles 0.06 0.08
Dungeness south coast *  Pebbles 0.05 0.09
Dungeness east coast Pebbles 0.06 0.08
Greatstone on Sea Pebbles 0.06 0.07

Littlestone on Sea Pebbles ‘ 0.06 0.08
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TABLE 9 (cont)

MEAN GAMMA RADIATION DOSE RATES AT 1 METRE
OVER INTER-TIDAL AREAS IN THE VICINITY OF
NUCLEAR ELECTRIC POWER STATIONS

Dose rate, pGy h1
Location Ground type Quarter 2 Quarter 4

Hinkley Point

Weston-super-Mare Sand 0.07 0.07
Burnham on Sea beach Sand 0.06 0.07
Steart Flats (wall common) Silt 0.07 0.10
Stolford Silt 0.07 0.07
Beach at Kilve Sand 0.07 0.10
Watchet harbour Sand 0.09 0.11
Beach at Blue Anchor Bay Sand 0.08 0.09
Hinkley Point Beach Pebbles 0.08 0.23
Berkeley
Beach near Severn House Farm
Point A Silt 0.09 0.10
Point B Silt 0.09 0.12
Point C Silt 0.09 0.08
Point D Silt 0.09 0.13
Beach at Newtown silt 0.09 0.12
Beach at Purton Silt 0.09 . 0.12
Lydney Harbour Pebbles/rock 0.07 0.08
Oldbury
Beach at Chapel House Silt 0.11 0.12
Beach at Aust Silt 0.09 0.09
Beach at Littleton Wharf Siit 0.09 0.11
Beach at Pill House Silt 0.08 0.11
Beach at Beachley silt 0.08 0.09
Heysham
Beach at Middleton Sands Sand 0:09 0.08
Beach at Half Moon Bay Sand 0.08 0.07
Hartlepool
Seaton Carew Sand >0.06 0.10
Trawsfynydd
Lake shore at Boat Club Pebbles 0.09 0.08
[ Wylfa
Cemaes Bay Sand 0.07 0.11
Notes
1 Each result shown is the mean of three readings obtained using a Mini-Instruments Environmental meter
type 6-80.

2. The'dose rates shown include a contribution from background radiation.
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Location

Sizewell
Nature Reserve
The Meare*
Leisure Park

Bradwell
Public supply near Bradwell

Coastal ditch sample point 1
Coastal ditch sample point 2
Coastal ditch sample point 3

Coastal ditch sample point 4

Dungeness

Standing water at Long Pits
Pumping station well no. 1
Pumping station well no. 2
Pumping station well no. 3
Reservoir

Hinkley Point
Durleigh Reservoir
Ashford. Resevoir

Berkeley
Gloucester and Sharpness Canal

Oldbury
Public supply

Heysham
Public supply at Lancaster .

TABLE 10

RADIOACTIVITY IN SURFACE WATERS IN
THE VICINITY OF NUCLEAR ELECTRIC POWER STATIONS

Radionuclide

Tritium
Tritium
Tritium

Tritium
Gross beta
Tritium
Tritium
Tritium
Gross beta
Tritium
Gross beta
Sulphur-35

Tritium
Tritium
Tritium
Tritium
Tritium

Tritium
- Tritium

Tritium

Tritium

Tritium

59

Sample concentration

Quarter 2

2.7
6.8
10.0

4.6
5.2
Dry
Dry
118
6.5
114
7.9
4.7

4.7
4.4
N.S.
4.4
N.S.

4.9
7.2

54

32

51

Bg kg'l
Quarter 4

N.S.
N.S.
N.S.

0.7

<0.5
Dry
Dry
Dry

16
17

55
N.S.
4.1

N.S.
4.7

4.4
8.7

4.7

29

6.4



TABLE 10 (cont)

RADIOACTIVITY IN SURFACE WATERS IN
THE VICINITY OF NUCLEAR ELECTRIC POWER STATIONS

Sample concentration

Bq kg’
Location Radionuclide Quarter 2 Quarter 4
Hartlepool
Public supply Tritium 4.1 3.7
Boreholes at Dalton Piercy Tritium 2.6 - 27
Trawsfynydd
Public supply Tritium 3.6 84
Cwylan stream Tritium ‘6.9 3.9
Diversion c