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SUMMARY

An airborne gamma ray survey was commissioned fmeal¢he radiation environment of
Newbury District and surrounding areas. The surmeasured signals in the vicinity of
UKAEA Harwell and the Rutherford Appleton LaboratqRAL) arising from activities or
materials on-site. These signals, detected iniassef perimeter flights lasting less than one
hour on 25th September 1996, were not fully accadiibr by the published environmental
monitoring reports of UKAEA. Following discussiomsth UKAEA and RAL, the Vale of
White Horse District Council commissioned additiowark to examine the relation between
the airborne results and existing information,denitify the sources or activities responsible
for off-site radiation, and to identify any gaps éxisting routine monitoring and dose
assessments. The issues addressed include thiogachbimplications to the general public
of radiation shine off-site, and the nature andorgpg of the routine UKAEA Harwell
monitoring programme.

This report presents the results of further analysi the airborne survey data, the
identification of the sources responsible for ofédeatures, information made available by
UKAEA, the Environment Agency and the RAL to defitiee relevant dose rates, and the
results of a short vehicular radiation survey caned in June 1997.

The airborne survey results show 4 principal aredeere on-site radiation produces
prominent radiometric signals off-site, and a fertl2 areas associated with minor signal
levels. These 4 areas are (i) the area to the sfutandem Van de Graaff accelerator, (ii)
the area between the ISIS accelerator (RAL) andJIRAEA materials processing facilities
(HELIOS), (iii) areas to the W and NW of the siterimeter influenced by the presence of
stored radioactive materials in the B462 complek @) areas adjacent to the liquid effluent
treatment plant (LETP) to the north of the maie shlinor signals were detected to the SW
of the reactor blocks, and to the E of the RAL. S¢headiometric signals were restricted to
areas close to the site, and did not penetrate i@ a few hundred metres from the
perimeter fence.

Perimeter monitoring conducted over many years IABA, and published in annual
reports on radioactive discharges and environmemtahitoring, is based on 30 fixed
thermoluminescence dosimetry (TLD) stations arrdrageund the boundaries of the licensed
site. Of these, stations 1-28 have shown levelg el@se to natural dose rates (typically 40-
60 nGy h') over recent years, and have been used to forsite dverage" statistic. The
remaining 2 stations (29,30) which are close toltB&P have detected local dose rates of
200-400 nGy H in recent years. The perimeter monitoring dateoaots for the signals
detected near the LETP in September 1996, butoraihe elevated signals recorded from
other areas.

Additional information has been made availablehig study from UKAEA, the RAL, and
the Environment Agency to facilitate interpretatiohthe airborne results. Routine health
physics monitoring, undertaken on-site by UKAEA anregular basis for occupational
radiation protection purposes, was supplementedatyinstrumental perimeter survey
conducted in March 1997 in response to the puliinabf the Newbury survey, and by
further observations in the vicinity of the Tandeaotelerator.



The RAL undertook a survey of dose rates on eadiviglual fence post around their

perimeter in March 1997. The environment agencyaraailable unpublished data collected
by ICI Tracerco between 1989 and 1994 on behathefDepartment of the Environment,

comprising annual instrumental dose rate readihg$ docations around the perimeter of the
Harwell site.

A vehicular survey was conducted in June 1997 biRBO as part of this study to augment
information on the site perimeter, and to invesiaghe extent to which radiometric features
at the perimeter fence project onto surroundingsaeg ground level.

This study confirms that the major features obsgnvethe airborne survey correspond to
identifiable radiation sources or radioactive matsrstored on site, which have measurable
enhanced dose rates at ground level.

The significance of these features has been exammedative to ICRP and NRPB
recommended criteria. In particular the dose camstrconcept is relevant to sources of
direct radiation. It is recognised that the dinectiation pathways have received less attention
in past radiological assessments than doses duadioactive discharges. However the
decommissioning of the Harwell materials testingcters and other changes to the nature
of work on the site have resulted in lower radioectvaste discharges over the last decade.
Changes to the licensing, management and site baoiescave also taken place within recent
years, and the nature and quantities of radioactvestes stored on site are clearly
undergoing changes. The peripheral areas of teeas#t undergoing re-development as part
of the process of diversification from previous laac interests. Against this background it
is clear that direct radiation exposure close todite perimeter represents a more significant
exposure pathway than recognised in past radidbgssessments.

The features discussed in this study would be dapatdelivering dose constraint exposures
to individuals spending an average of 1-2 hoursdagrin the most affected areas close to
the perimeter fence. It is recognised that theaatacupancy of these areas is unlikely to
be as high as this. Moreover it is recognised thatdose constraint level of 3Q®v yr*
represents a radiation dose increment which isinvithe range of variations of natural
radiation exposure, and which corresponds to a sergll level of risk to an individual.
Nevertheless current recommendations at both iatiemal and national levels are clear, in
that such radiation exposure should be justified, minimised where practicable.

The Harwell and the RAL sites maintain both statytand non-statutory radiation
monitoring programmes. These programmes consishaoly of measurements using
Thermoluminescence Dosemeters (TLD's) in fixed tiocs, which are replaced and
analysed on a monthly or bi-monthly basis, and wdptementary measurements at fixed
locations using portable dose rate meters. Thidyshias identified some areas in which the
routine monitoring programmes have failed to fuldentify and characterize radiation
sources with off-site radiation consequences. Thialso true of the monitoring conducted
independently by NRPB in 1992 in support of the tmesent published dose assessment.
Independent monitoring commissioned by HMIP betw&889 and 1994 as a regulatory
check identified more of these features; howevesghresults were neither published nor
communicated to UKAEA, and therefore their potdrfoa influencing site assessments will
have been limited.



Supplementary monitoring conducted as a resulhefdirborne survey, and the vehicular
survey conducted for this study have confirmedetistence of the main features observed
in the airborne survey and have indicated whererongments should be made in routine
monitoring. In addition the vehicular survey idéetl a number of small areas outside the
licensed site boundary with low level uranium comtzation. Further work is needed to
identify the source, extent and significance o thmaterial, and to ensure that its presence
does not present hazards to the redevelopmenteakaf the former airfield which were
used by AERE in the early years of the nuclear anogne.

On the basis of this study a number of recommeodstare made for consideration. It is
suggested that the Vale of White Horse District @oluraise these points with the site
operators and their regulators, and follow up #sponses:

1) Steps should be taken to prevent or minimise puldidiation exposure
resulting from on-site activities including thoskemtified here. Consideration
should be given to limiting public access to the@kd areas, to provision of
supplementary shielding around radiation sourcesiten and to re-arranging
the locations of radioactive materials to minimigesite dose rates.

2) Justification for radiation levels remaining afserch work should be reviewed
subject to the normal process of consultation.

3) The additional radiation features discussed in teigort, principally the
Tandem Van de Graaff accelerator, the ISIS and BSLaccelerators and the
B462 complex with the associated 1SO storage comgpshould form part
of future dose assessments.

4) Routine monitoring programmes conducted by the ggerators should be
adapted to respond more positively to perimetemaetsy and its changes. In
this respect consideration should be given to dleation of fixed monitoring
stations, to the use of instrumental methods wihiespond to dynamic
situations in addition to integrating dosimetry,dato conducting periodic
perimeter surveys to ensure that critical areapeirgy kept under review.

5) Consideration be given to incorporating monitorangl assessment of off-site
consequences into operational procedures for maeaiigactive materials on-
site.

6) Any revisions to the routine perimeter monitoringgramme be published in
annual reports, but that the practice of reporantgsite average" based on a
partial set of monitoring data be discontinued.

7) The site regulators consider the re-instatemeahahdependent programme
of perimeter monitoring, to replace that which vdsscontinued by HMIP in
1994. The results of such monitoring should be shigld, and action taken
to ensure that any gaps in the operators routineitoracng are identified and
corrected.



8)

The nature, extent and origins of patches of lovell&ranium contamination
on the former airfield should be identified. Theeggnce of other similarly
contaminated areas should be investigated, andderasion should be given
to removing such material from areas outside theeatilicensed site.



GLOSSARY

Absorbed ogl;se measures the energy deposited it mass. It is measured in Grays, where
1 Gy=1 J kg.

Equivalent dose measures the biological damageceded with a radiation dose, and
accounts for the varying effects of different typdgadiation. It is measured in Seiverts
(Sv), and is the absorbed dose multiplied by aatamh weighting factor. For gamma rays,
which is the radiation considered in this repdre tadiation weighting factor is unity, and
the two units are effectively interchangeable. Teasurements made by the SURRC group
are given in Gy, the measurements from other ssuape given in the units used in by those
groups.

Radionuclide deposition is measured in kB4 (kilo Becquerels per square metre, or X10
Bq m%), where Bq are units of activity (1 Bq equals dimtiegration per second).

The principal radionuclides measured are:
0K (natural)
21Bj (natural, U-series)
2987 (natural, Th-series)
137Cs (fission product, produced in nuclear weaponsactors)

Annihilation radiation is generated by the mutuahi&ilation of an electron and positron,
creating two 511 keV gamma rays. High energy gamaya (E>1.02 MeV) can interact
with matter to generate and positron-electron pédiair production”). The positron
annihilates with an electron to produce annihilatiadiation.

Bremsstrahlung radiation consists of an x-ray cantm generated as high energy electrons
(either from accelerators or beta particles) irdevath atomic nuclei.

Quoted uncertainties are + 1 standard deviatioo)(+1
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1. INTRODUCTION

An airborne survey was commissioned by Newbury rigtsCouncil and Basingstoke and
Deane Borough Council, to define the radiation emmnent of Newbury District and
surrounding areas, and was conducted during thedog4-28th September 1996 (Sanderson
et al, 1997a; Croudacet al, 1997a, 1997b). This included surveys of the igga of the
nuclear sites at Harwell, Aldermaston and Burgtfi@lhe survey of the Harwell site was
conducted on the 25th September 1996 between 1G:@® approximately, with 500
radiometric readings taken from four circuits ok tiHarwell and Rutherford Appleton
Laboratory (RAL) perimeter fences and at increasiisgances beyond, together with general
infill flying in a surrounding 3x3 km box. A compleseries of spectral features were
recorded, which included eighteen signals assatiaitéh accelerator machine signals and
isotopic sources. These data showed more signalstne perimeter than would have been
expected from recent UKAEA reports on radioactivisckdarges and environmental
monitoring.

This current study reported here was commissionethé Vale of White Horse Council to
further investigate the off-site radiation featuegsund Harwell. Specifically, the study has
undertaken to examine the airborne data in gred#tail and to identify the sources
responsible for the features noted. Existing grobaged data have been examined, using
both published data, and unpublished results. ifgkides routine on-site health physics
monitoring by UKAEA conducted for occupational raiitbn protection purposes, and
supplementary measurements conducted by UKAEA BadRAL to investigate perimeter
dose rates in support of this study. Additionalugrd based measurements were conducted
as required to characterize the nature and extemeasured features more fully, including
an assessment of any potential hazard these nmeghtsent to members of the public and
staff at Harwell. The study also discusses theimeumonitoring programme and makes
recommendations for future monitoring.

The Harwell and RAL sites maintain both statutong amon-statutory radiation monitoring
programmes. The results of these programmes, araburements conducted by other
agencies, were reviewed and compared with the @ieboesults. An additional survey at
ground level was undertaken on behalf of Vale ofit&/iHorse District Council after
discussions with UKAEA Harwell, the RAL, and the \ilonment Agency (EA). This
consisted of a vehicular survey, using the samecjmies as the airborne survey, within and
around the perimeters of Harwell and the RAL onXBth and 20th June 1997.

This study takes place against a context of sigaifi and ongoing changes to the activities,
nature, management and regulation of the Harw#dl stecent changes in recommended
radiological protection standards have also setssgingly stringent targets for constraining
low level exposure to members of the public. Ittherefore timely to review off-site
dosimetry and monitoring procedures in the lighthefse changes, as well as in response to
the airborne survey results.



2. BACKGROUND
2.1 Harwell Historical Background

UKAEA Harwell, located approximately 15 miles sowthOxford, houses the headquarters
of the United Kingdom Atomic Energy Authority (UKAE and is the largest of their sites.
The site occupies about 500 acres within the padnfence, with adjacent land also owned
by UKAEA. The site is managed by UKAEA, the maindat being AEA Technology with
the adjacent land being occupied by organizatiorduding UK Nirex, the National
Radiological Protection Board and the Medical Rese&€ouncil. The RAL also occupies
an adjacent site.

The site, previously an RAF base constructed shdrtifore the second world war, was
transferred to the Ministry of Supply in 1946 fallmg Cabinet committee approval and
became the Atomic Energy Research EstablishmenREBEThe main requirements of such
an establishment were accessibility, and good pamer water services (Gowing, 1965).
The United Kingdom Atomic Energy Authority was fagthon 19th July 1954, following the
Atomic Energy Act of 1954. It was divided into tergroups (Simpson, 1986); research,
weapons research and production (or industrial groMiilitary work was concentrated at
Aldermaston which became the Atomic Weapons Rekdastablishment (AWRE) in 1973,
and for which responsibility was transferred to tMinistry of Defence. Harwell
concentrated on civil technology, in support of theclear power programme. The fuel
production and reprocessing activities of the UKAEEANnducted at other establishments) was
transferred to British Nuclear Fuels Limited in A@r971. In 1986 the UKAEA underwent
a significant shift in emphasis in its businessahithad diversified into non nuclear activities
and became a trading fund, allowing commercialoratiEight years later, in 1994, the
UKAEA was split into three divisions; Government KAEA), Commercial (AEA
Technology plc) and Facilities Services (Procottg last two of which have since been
privatised.

As the headquarters of the Atomic Energy Reseasthldishment, the Harwell site and
adjacent facilities have a distinguished historynmadre than 50 years of nuclear research,
which has involved a diverse range of reactorselacators, radioactive materials and
associated wastes. A small reactor pile (GLEEP,Ghaphite Low Energy Experimental
Pile) commenced operation in August 1947, and wlewvied in 1948 by the much larger
BEPO (British experimental pile) which operatediub®68. Both of these were air-cooled
graphite piles. The site also housed two Materf@sting Reactors (MTR's), DIDO and
PLUTO, which ceased operating at the end of Mar@®01 All four of these reactors are
currently partially decommissioned. Other faciltien the site include an Active Handling
facility, a Liquid Effluent Treatment Plant, a Tamd Van de Graaff accelerator and the
HELIOS accelerators. There are also radiochemadadratories and waste stores.

Whereas much of the early work of UKAEA compriséalsified work, a major regulatory
change took place in 1990 with the licensing of tHarwell site under the nuclear
installations act. UKAEA as site licensee retainesponsibility for the licensed site, and for
the decommissioning programme associated with thermmment research programme;
particularly the test reactors, radioactive wadigs, reprocessing, and fusion research. AEA
Technology plc is focused on commercial activitiesed on both nuclear and non-nuclear



expertise. The site itself is changing rapidly,hwmultiple tenancy of the main site, and an
active programme of development of science andi@olgy centres both within and beyond
the site perimeter.

Planning permission has also been granted for imgildew houses on the former southern
housing area of the authority, located on the senitisides of the former air base. Parts of
the airbase, outside the present perimeter feraae been used for activities associated with
the early nuclear research programme, and for dapaf wastes. The condition of these

parts of the airbase, while not central to thiglgius of interest to the Vale of White Horse

District Council and others.

2.2 Present Activities and Harwell Site Facilityjdrmation

A number of facilities on the Harwell site with peatial for explaining the airborne results
were identified at an early stage in the study.sEhiacluded the Building 462 (B462) Active
Handling facility and associated complex, the Ldjiffluent Treatment Plant (LETP),
Tandem Accelerator and HELIOS 1 & 2 (B418) accdtasa

The B462 Active Handling Facility building and colep contains storage and radioactive
waste repackaging facilities, below ground storsiges, and 1ISO container storage within
a fenced compound. The compound is situated ice¢hére of the Harwell site, between the
MRC compound and the western perimeter.

The Liquid Effluent Treatment Plant (LETP) procesa@d stores liquid waste streams. It
is located in a separate fenced compound to thi& ebthe main site, although it is still part
of the licensed site. The North Housing Estate pads of the Harwell sports club border
the LETP complex.

The inventories for both the B462 and LETP compieixelude™'Cs,*°Co, *°Sr (which has
no associated gamma ray emission), and other figgi@ducts with identifiable gamma rays
together with low energy scattered gamma componéutthe time of the airborne survey
significant quantities of Thorium waste were alswred in the complex.

The Tandem Van de Graaff Accelerator (B477) facéind the HELIOS 1 & 2 accelerators
are used for commercial irradiation operations dyAATechnology and Electron Beam
Irradiation Services (EBIS) respectively. The Tandases high energy proton beams, and
the HELIOS machines are linear electron accelesatbhe expected radiation from these
facilities is bremsstrahlung and annihilation ganmangs of 511 keV. The Tandem is located
at the eastern end of the site, just north eatite@bus park, and the HELIOS accelerators
are located in the southern part of the site, tteaperimeter fence adjacent to the RAL site.
The Tandem accelerator is located within approxéhya50 m of the perimeter fence in a
relatively open and accessible area. The HELIOS8itias share a common boundary with
the RAL site in an otherwise relatively enclosadation, although the Fermi gate entrance
to the UKAEA site is quite close to these faciktie

The partially decommissioned DIDO and PLUTO MateTiasting Reactors are located at
the extreme south of the site.



A map showing the locations of these, and othaniifi@s is included in the back of this
report.

2.3 The Rutherford Appleton Laboratory and otherilkees separate from the Harwell Site

The NERC RAL was set up in 1957 and occupies aasijgcent to the Harwell facility. The
RAL contains the ISIS accelerator facility (buildiR55). This is situated near the HELIOS
accelerators, the Harwell boundary fence being eetnboth facilities. The ISIS accelerator
is surrounded by a substantial earthworks to th&twed SW sides, which has the effect of
limiting off-site radiation exposures in southediyections leading to Ridgeway farm and
other accessible locations open to the public. mbghern boundary is common to the
Harwell site and is less well shielded.

The ISIS accelerator is used to generate high sittemeutron pulses. An ion source
produces Hions which are accelerated to 665 keV in a preeitgr column. A second stage
linear accelerator, comprising four rf cavitiescalerates the ions to 70 MeV. A very thin
alumina foil strips the electrons from the ionspqluicing a proton beam which is injected
into synchrotron, where they are accelerated toN@U. The accelerator produces 50 pulses
per second, each pulse consisting of 2.5%péotons and lasting 044s, which are focused
onto a heavy metal spallation target to generat¢roes by chipping nuclear fragments from
the heavy metal nucleus.

UKAEA owns land adjoining the Harwell/RAL sites Inding areas occupied by the National
Radiological Protection Board (NRPB), Atlas CompgtiCentre, NIREX, and Medical
Research Council (MRC) Radiation & Genome Stabilitgit, and MRC Mammalian
Genetics Unit. These sites are outside the licensetkar site, and are not regulated by the
NII.

2.4 Current Regulatory Framework

The UKAEA holds the nuclear site licence for Harwahd is regulated by the Nuclear
Installations Inspectorate (NII), part of the Haadihd Safety Executive. The UKAEA Safety
Directorate is responsible for setting standardspalicy. UKAEA as licensee is responsible
for arrangements for complying with the Nuclearnt#tiations Act through the site licence.
The NIl in turn has regulatory responsibilities fensuring the adequacy of such
arrangements.

Thus the use of radioactive material and the actatmn of radioactive waste at a licensed
nuclear site is regulated by the NII, and this besn the case at Harwell since licensing in
1990. The discharge and disposal of radioactiveeviiem these sites are regulated by the
EA under the Radioactive Substances Act 1993, e¢lpansibility for authorization of such
discharges having moved from Her Majesty's Inspattoof Pollution to the EA in 1996.
The EA requires Harwell to conduct appropriate nummg of discharges in the vicinity of
the site to demonstrate the effectiveness of ctmtro

The EA commissions independent monitoring to checkdarwell's returns and assess the
exposure to the public, however this programme adme@pparently include measurements
of direct radiation at the perimeter fence. Radiv@y in foodstuffs and the food chain in



the vicinity of the site is monitored by the Mimgbf Agriculture, Fisheries and Food.

It can be seen from the foregoing sections thatndue@re of activities on the site and its

vicinity, the associated corporate structure of dbeupants and the regulatory framework
have undergone significant changes in recent yaais.itself has consequences in terms of
radiation protection responsibilities for the warides, and for members of the public.

Moreover radiation protection standards themselage undergone recent changes, as
outlined below.

2.5 Radiation Protection Criteria

National regulations on radiation protection in tnasuntries, including the United Kingdom,
are based on the recommendations of the InterredtiQommission on Radiological
Protection (ICRP). Exposure to ionising radiatisigénerally regarded as hazardous, leading
to acute effects at high radiation exposures, anddreased risks of chronic effects (such
as mutagenic effects) at low levels. The workinguasption of the ICRP recommendations
is that the probability of chronic effects is inased with increasing radiation doses at all
levels, without thresholds. Thus a series of funelatal principles have been established
which recognise the negative influence of radiagaposure. These are :

The justification of a practice. Practices involving the use of ionizing
radiation shall only be adopted if there is suéidi benefit to exposed
individuals or society to offset the detrimentaiuses.

The optimization of protection. In relation to any particular source within a
practice, the magnitude of individual doses, theaber of people exposed and
the likelihood of incurring exposure should all kept as low as reasonably
achievable, economic and social factors being takiEnaccount.

Individual dose limits. The exposure of individuals resulting from the
combination of all relevant practices should bejscitto dose limits, aimed
at ensuring that no individual is exposed to radratisks that are judged to
be unacceptable.

The dose limits incorporated into the UK lonisingdrations Regulations 1985 (HMSO 1986)
were adopted from the recommendations publisheliRP Publication 26 (ICRP 1977).
However a re-evaluation of the risks of exposureotasing radiation, following revised
dosimetry and epidemiological studies of the eHadithe nuclear weapons at Hiroshima and
Nagasaki in the late 1980's have resulted in rdvieeommendations published in ICRP
Publication 60 (ICRP 1990). Although UK legislatibas yet to be updated to implement
ICRP60 the National Radiological Protection Boaas published recommendations re-
affirming the three fundamental principles listdmbae, and proposing that UK dose limits
be revised as suggested by ICRP60 (NRPB 1993adeprRmended dose limits (excluding
natural radiation and doses incurred by medicattnent or diagnosis) are as follows. For
occupationally exposed radiation workers the lim20 mSv yi', averaged over 5 years with
the dose in any one year not exceeding 50 mSvnfemnbers of the public the dose limit
is 1 mSv yt'.



ICRP60 also recognised the possibility of the comadieffects of radiation exposure from

more than one source of radiation, and recommeadsdtem of dose constraints to prevent
the cumulative exposure from exceeding dose lilNBPB has recommended the adoption
of a public dose constraint of 0.3 mSv'yirom any controlled source, where a controlled
source is the sum of all operations at a single sitder common management (NRPB
1993b).

Although these recommendations are not, at prestttitory limits in the UK they set clear
radiation protection targets, which are being addpby most nuclear operators and
regulators. Moreover, a recent review of radio&tivaste management policy (Cm 2919,
1995) has confirmed that the Government acceptN&REB recommendation for a single
dose constraint of 0.3 mSv Yo be applied to existing facilities. This docurheso
recommends abandoning the "target dose" of 0.5 grSv(an interim concept applied
temporarily by regulators between 1987 and 1994 haticipating and following ICRP60),
applied to integrated doses due to radioactiveegaahd discharges from a single site, and
replacing it by a "site constraint" of 0.5 mSv'yto incorporate all sources including
discharges from a single location arising fromssit@th contiguous boundaries which may
be owned or operated by more than one organisaliois. not clear whether the "site
constraint” - introduced in Cm 2919 to deal withivptisation of nuclear power stations -
applies to the case of the Harwell site which hastiple organisations operating in an
extended area, but does not have a contiguous boyeden for the licensed nuclear site.
However the constraint of 0.3 mSv'yfor single sources will in any case apply to the
features under consideration individually and azilieely within this report. We have noted
that UKAEA Safety Directorate adopted the 0.3 m8V gonstraint level in 1997 (UKAEA
1997) in preference to the 0.5 mSv*yarget mentioned in earlier environmental reports.

For the purpose of the present study, it shoulddied that whereas radiation exposure to
the workforce on site may well be justified in soceses, by occupational benefits, and
should be optimised and limited accordingly, theiagion with regard to potential public
exposure by radiation projected off-site is consg@desomewhat different. Such exposure may
well not be justified - in that exposed individualssociety may not derive benefit from the
associated activity and it may to a large extenav@dable entirely by simple measures. It
should accordingly be limited in a manner consisteth the new dose constraints.

Having noted these factors it is worth pointing that radiation exposure at the lower dose
constraint implies an extremely small risk to adiwdual, and that a dose increment of 0.3
mSv yr', is a relatively small addition to the radiatioxpesure which most individuals
receive from natural sources (2.2 mSv pel)yNevertheless ICRP have clearly stated that
"The fact that a man-made practice involving radratcauses doses which are small in
comparison with the background doses does not sarBsimply that the practice is
justified" (ICRP 60, para C74, p192).

With this in mind it is clearly important that patays whereby on-site activities can lead to
possible exposure of members of the public in dé-kcations are fully identified, and that
all reasonably practicable steps are taken to eétei unnecessary radiation exposure from
them.

The radiation fields detected in the vicinity oétHarwell site are discussed relative to these



radiological criteria in sections 5.2 and 6.
2.6 Published Information

Routine monitoring of radiation and radioactivigvels in and around the Harwell site is
conducted by UKAEA. These consist of sampling afctiarges of radioactive material into
the atmosphere and into the Thames at Sutton Gaytend measurements of external dose
rates using thermoluminescence dosimetry (TLD) toosiat 30 fixed locations on or within
the perimeter the Harwell site, and a further 1datmns in the surrounding district. The
results from bi-monthly TLD measurements are reggbrin UKAEA Harwell Annual
Reports Radioactive Discharges and Environmental Monitoring. Of these, stations 1-28 have
shown levels near to natural dose rates (typict0h60 nGy ') over recent years, and have
been used to form a "site average" statistic. Eneaining 2 stations (29,30) which are close
to the LETP have detected local dose rates of ZWAGY ' in recent years. These 30 data
points account for the airborne gamma spectromsiggpals detected near the LETP in
September 1996 but not for the signals recordeth ftbe other areas, which appear to
represent radiation fields of equal or greater ntage.

Additional monitoring by health physics staff usipgrtable dose meters is conducted on a
regular basis at various locations; the resulthe$e measurements have not been published
but have been made available for this study. Furttegails of the routine on-site and
perimeter monitoring, including measurements reedrdt the time of the airborne survey,
are given in chapter 4 of this report.

Monitoring of radioactivity in food and associatewdd chains is conducted by the Ministry
of Agriculture, Fisheries and Food under the Terr@sRadioactivity Monitoring Programme
(TRAMP). These results are published annuallyTenrestrial Radioactivity Monitoring
Programme: Radioactivity in food and agricultural products in England and Wales (until
1994), andradioactivity in Food and the Environment (after 1995).

The Department of the Environment, Transport areRlegions commissions independent
monitoring of radioactivity in the air, includingegosition, and drinking water. The

information from these programmes is reported altyyend reports are placed in the public
domain; however again there is little informati@ncerning direct radiation projected at the
site boundary. During the course of this study umighed perimeter monitoring data

collected by Tracerco under contract to HMIP (DQietween 1989 and 1994, for the
purpose of regulatory checks, were made availabhese data are discussed further in
sections 3 and 4.

An assessment of the radiation doses to membeéhe gfublic around Harwell, Aldermaston
and Burghfield (Dioniaret al, 1987) was conducted in response to an increageirate of
childhood leukaemia in west Berkshire. This repomcentrated on exposure to populations
5 km from these sites, and the only external expopathway considered to be significant
was that due t8'Ar, principally discharged from BEPO prior to 196€though this report
does not specifically assess radiation doses reda&lue to external radiation at the perimeter
fence of the Harwell site, it does contain exteagissessments of the exposure to the public
from natural sources, weapons fall-out and acésitit these nuclear sites during the period
1947-1985.



A more recent assessment by NRPB (Robinson et984)lgave more attention to direct
radiation exposure pathways, recognising that éueiced levels of radioactive discharges
following reactor closures in 1990 increased thetgbution to the total dose by such
pathways. This dose assessment of direct radiatasbased on a survey conducted in 1992
by NRPB, which has not been published, but theltesdi which have been made available
to this study. The survey comprised dose rate nreasents at 43 locations in the vicinity
of the site taken over a 2 day period in July 19B2ese data show similar enhancements
(approximately 200-300 nGy ! in the vicinity of the LETP as seen in the UKAEA
programme. There are slight indications of enharerem(20-30 nGy 1) to an area to the
east of the partially decommissioned Material TestReactors. However the Tandem,
ISIS/HELIOS, and B462 signals were not detectethis survey. The principal area where
off-site direct radiation was recognised in the 4¥bse assessment was thus around the
northern boundary in the vicinity of the liquid lkeiént treatment plant.

2.7 Recent Monitoring

On 7th March 1997 following publication of the résuwof the airborne survey, a survey of
the interior of the site perimeter was conductedJBAEA using portable dose rate meters.
Locations where dose rates exceeded 60 nGy(which approximates to the normal
background in the area) were noted. At this stagelandem accelerator was not operating,
the other accelerators appear to have been opgratithe time. Additional health physics
measurements in the vicinity of the Tandem werenakater on when the machine was
operating.

The Health Physics section of the Rutherford Latmoyealso undertook a series of perimeter
measurements in response to the airborne surveghwiave been made available to the
study. A collimated Nal detector was used to measiose rate originating at each one of
the 720 fence posts surrounding the site. Wheengd signals were recorded the dose rates
were calibrated using an ionisation chamber.

Further details of these additional measurememtgiaen in section 4 of this report.



3. AIRBORNE SURVEY PERIMETER FLIGHTSOF HARWELL AND RAL SITES
3.1 Introduction to the Airborne Survey

An airborne gamma-ray survey, commissioned by Newbustrict Council and Basingstoke
& Deane Borough Council, was conducted in Septeni®&6. The primary aim was to
characterise the general radiation environment @iviblry District and surrounding areas,
and provide a radiological context for the groundvey conducted in September 1996 by
Southampton University (Croudaeeal, 1997a, 1997b). A vehicular survey of Greenham
Common by SURRC was carried out in December 1986.r€sults of these three surveys
were presented in February 1997 (Croudaia, 1997a) with the final reports in June 1997
(Sandersomt al, 1997a, Croudacet al, 1997b).

The airborne gamma spectrometry (AGS) method usasfi equipped with highly sensitive
spectrometry systems flying close to the groundetmrd variations in the local radiation
environment. The methodology for airborne surveyal established (Sandersah al,
1994a, 1994b) and has been used for a varietyrpioges (Sandersatal, 1988-1996).

The main survey area comprised a 40x23 km areaewhiry District with a 5x22 km
southern extension into parts of Basingstoke & [@eand was surveyed at 300 m line
spacing. Detailed areas of interest were definedrad Newbury, Thatcham and Greenham
Common, where a 9x6 km box with 50 m line spacimg Wown, and around the vicinities
of Harwell, Aldermaston and Burghfield. The airbersurvey aims included measuring the
gamma ray dose rate, the levels'd3fCs from weapons' testing fallout and gamma ray
emission associated with natural potassium, uramndthorium activity, as well as looking
for any additional sources of activity. In additiarset of low energy gamma ray detectors
was deployed with the aim of attempting to examine energy region wheré®U has
specific gamma ray emission.

A sequence of gamma ray spectra, positional infionaand ground clearance data were
recorded simultaneously and used to quantify leeélsndividual radionuclides and the
general gamma radiation environment. A combineatspmeter comprising a high volume
scintillation detector with 16 litres of Nal insidee aircraft and two cryogenically cooled
Germanium detectors mounted on the outside of tferaft was deployed. Differential
satellite navigation systems were used to positien aircraft and locate the data with a
precision of £5-10 m. Gamma ray spectra were rembrdvery 3 seconds in the Nal
spectrometer, and every 6 seconds in the pair ofiébectors. The aircraft used was a twin
engine AS355 Squirrel helicopter of a type useddiorambulance and police work at low
levels in urban areas. CAA exemptions were obtatogaermit low flying down to 200 feet
ground clearance over the general area, and thenuasbeas of Newbury and Thatcham,
supported by a safety case by the aircraft opegatdra public interest case from Newbury
District Council. Permission was granted to fly mit the Harwell air exclusion zone, up to
the perimeter of the licensed nuclear site, but motthis occasion to fly within the
boundaries of the licensed site. The flight plamsevagreed with the Safety Directorate of
UKAEA.

The survey of the vicinity of the Harwell site wasnducted on September 25 1996,
commencing at 16:00. Flights comprised four circwoit the Harwell perimeter at increasing



distances from the fence, taking about 20 minwated,general infill flying in the surrounding
3x3 km box, taking a further half hour. A complexiss of spectral features was recorded,
particularly in the first 3 circuits, including maioe signals and isotopic sources. The largest
of these represent significant dose increments elbatural levels at the aircraft position,
originating from 4 or 5 main areas. Monitoring datelished by UKAEA identified only
one of these features. The first report on the Newlairborne survey (Croudaat al,
1997a) recommended a further investigation, taliogpunt of local shielding and ground
level geometry to ensure that all relevant featwese identified in ground based dose
assessments. Section 4 reports the results ofietywaf ground based measurements from
several sources, including a vehicular survey efateas around the Tandem accelerator and
other locations conducted by the SURRC in June 198€ airborne results are considered
in more detail below to identify and group the atved radiation anomalies, with a view to
establishing their origins.

3.2 The Survey Findings

Figure 3.1 shows an enlarged colour map of the rmaeeas of enhanced gamma dose rate
in the Harwell vicinity measured by the airbornevay. The dose rate shown is based on
a calibration assuming an infinite planar sourchkicW is appropriate to general conditions
around open areas. However in the case of finiteces, such as those facilities on site
presumed to have generated the signals observedetationship between airborne and
ground based dose rate levels is different, ancetbiee this representation should be used
primarily to locate the anomalies rather than tamgify their dose rates, which would
generally be underestimated using this standaitirasibn. Note that no observations were
taken within the Harwell nuclear site, and therefoontours within the unmapped area do
not predict local levels. Moreover the combinatadrGPS errors, the spatial response of the
airborne detectors, and the absence of readingsthjirabove the sources means that the
results show which areas around the site are siglojeo radiation, but does not directly
identify the origins or locations of individual sces.

The airborne results show 4 principal areas whéfeite radiation produces prominent

radiometric signals, and a further 2 areas asstiith minor signal levels. These 4 areas
correspond to (i) the area to the south of Tandean Ye Graaff accelerator, (ii) the area
between the ISIS accelerator (Rutherford Laboratang the UKAEA materials processing

facilities (HELIOS), (iii) areas to the W and NW die site perimeter influenced by the

presence of stored radioactive materials in theZBelimplex and (iv) areas adjacent to the
liquid effluent treatment plant (LETP) to the nodhthe main site. The minor signals were
detected to the SW of the reactor blocks, andeédziof the Rutherford laboratory.

A colour encoded spectral plot of the first 500ctpee recorded during the airborne survey
is shown in figure 3.2, from which eighteen featuhave been identified, A to R. Figure
3.3 shows the locations of these features, whaseciear that they are associated with five
areas around the site, except for feature O. Tharackeristics of these features are
summarised in table 3.1, which also includes timinigrmation. The 18 features were found
to correspond to locations, most notably at, thadéan Van de Graaff accelerator (A,F),
ISIS/HELIOS (RAL/Harwell sites respectively) acaaltors (B,G,K), west and slightly NW

of B462 Active Handling Facility (D,I,P and E,J,Mspectively), and at the Liquid Effluent

Treatment Plant (N,R,Q). Lesser features are apguar@nt to the west and SW of the
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partially decommissioned research reactors (C,dg)vell as a broad generalised signal on
the RAL Sports field (O). Profile plots and fligtiétails are given in Appendix A.

The signals from the area to the south of the Tandecelerator (A,F) are characterised by
scattered radiation at all measured spectral eeengp to, and presumably above, 3 MeV.
This indicates a machine source for the radiation.

The first two of the four circuits flown around thtarwell site, corresponded to periods
when the ISIS accelerator was operating. The speettorded include all energies up to 3
MeV, and also annihilation gamma-rays (B,G). A mirf8Co signal was observed
immediately after the helicopter had passed thenmadiation signal, which has been
associated with material stored in one of the lngd to the SW of the ISIS accelerator.
Based on timing information subsequently obtaimedhfthe Rutherford Laboratory the ISIS
accelerator was not operating during the third faxdth circuits. The signal in the vicinity
of ISIS appears to have reduced to approximatety 20 that recorded from the previous
circuits, and to comprise mainly scattered phot@)s This may be due to a combination
of spatial variations, and the residual signalgiagting from the HELIOS accelerators on
the Harwell site, in which case is suggests thaitlajor dose contributor to these locations
is ISIS, but that HELIOS also contributes.

To the west of the Reactor buildings, in the SWaawsEthe Harwell site, there appears to
be a small scale signal (C,H,L) which could potahtiarise either from radiation projected
off, or even through the site from RAL, or from &caontamination at ground level. The
spectral characteristics of the airborne obsermatishowed a component of low energy
radiation, and that the feature was not a naturéhlér K anomaly. It is also apparent from
figure 3.1 that the feature is at most a minor eckanent to local dosimetry. However the
location close to the reactors, and spatial patserggested the possibility of an origin
associated with the site.

To the west and NW of the site, in the vicinitytbk B462 complex, two major radiation
features can be identified from figures 3.1 and 88 the western side of the site (D,I,P)
there was considerable spectral evidence of thosares activity and scattered radiation;
whereas slightly further north (E,J,M) the signatishowed evidence 81Co, *'Cs and
scattered radiation during the first circuit. ltsMfius assumed that these two sets of features
originated with radioactive waste materials stooedsite in the B462 and ISO compound,
which is used to store International Standardisa@oganisation approved containers.

In the vicinity of the LETP, there was evidencesighificant**’Cs signals, and al$8Co in

the profile plots (N,Q,R), both of which might bepected in the waste treatment residues.
Finally in the vicinity of the sports field to theast of the RAL a minor anomaly (O), with
no specific spectral characteristics was noted.

This analysis has defined the nature of the sigreaderded on 25th September more fully
than in the Newbury report, and has associated thiémareas on the Harwell complex, and
identified their main characteristics. The majowofythese signals were recorded in the first
500 spectra - over a 20 minute period, thus reptagga short "snapshot" of the radiation
environment of the site. Even during this shortgebichanges in the radiation environment
due to accelerator shut-down at RAL were noted,reve influenced the results. This draws
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attention to both the spatial variations in theiaidn dosimetry of the site, and its dynamic
nature - features which have been encountered k&ewn the study, and to which routine
and regulatory monitoring should adapt.
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Figure 3.1 Enlarged colour map of the main areas of enhagaetna dose recorded during
the airborne survey.
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Figure 3.2 Colour encoded spectral plot of the first 500 s@efrom the airborne survey,
identifying 18 features. The plot shows a seriesp#ctra from top to bottom. The colours
indicate the number of counts in each channel, biie the least counts increasing through
yellow, red and white with black as the maximum.eThull energy peaks for some
radionuclides are indicated, the scattered compgsenanhigh energy gamma rays appear as
horizontal bands across the plot.
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Table 3.1 Harwell and RAL site features observed from aingosurvey.

Map Reading Spectrum Time Feature
Location No. No.

A 34 17b 16:02:10 Near Tandem accelerator, spectra include all eesrgp
to 3 MeV.

F 164 82b 16:09:22 Near Tandem, spectra inchltenergies up to 3 MeV.

B 75 38a 16:04:26 Near ISIS/HELIOS accelerators, spectra include all
energies up to 3 MeV, complex spatial peak with two
components. Minof°Co signal.

G 184 92a 16:10:25 Near ISIS/HELIOS and feature B. Max. intensity
approx. 60-70% of B. Evidence #Co close by.

K 272 136b 16:15:18 Near ISIS/HELIOS. Signal is approx. 20% of feat@re
ISIS believed to be off. High energy photons noglen
present.

C 100 50b 16:05:49 To the west of reactor buildings, mainly low energy
scatter or ground contamination.

H 202 101b 16:11:27 SW of reactor buildings: mainly scattered radiatan
ground contamination.

L 292 146b 16:16:23 Near feature H. Similar retederistics.

D 116 58b 16:06:42 SW of B462. Evidence of Th-series activity, scagter
radiation, part of extended feature with two maéaks.

E 121 6la 16:06:59 West of B462, evidence of Th-series activit{Co &
137CS.

| 217 109a 16:12:16 SW of B462, associated with feature D. Similar
spectrum, although more scattered radiation; peak
intensity <50% of D.

J 221 111a 16:12:30 Associated with E. Slightly elevated overall levels the
third circuit until K. Note no pronounced signal erh
passing Tandem at 16:14.

M 311 156a 16:17:26 N of features E and J. Slight evidence®¥¢o and
scattered radiation.

P 403 202a 16:22:29 Associated with featur&sl JW of B462.

N 328-337 164b-169a 16:18:22 West side of LETP. Mainly®*’Cs with some evidence of

-16:18:53 5%Co.
Q 424,431 212b,216a 16:23:38, Near LETP, associated with feature N.
16:24:01

R 477 239a 16:26:32 Near LETP, associated feightures N and Q.

(0] 362 181b 16:20:15 Broad generalised signal, approx. 400m SSW of Tand{
(600m ENE of ISIS). Mainly scattered radiation.




4. GROUND BASED MONITORING
4.1 UKAEA Ground Based Observations
4.1.1 Routine Surveys

Routine monitoring of the site by UKAEA includes nbly readings from 30 fixed TLD
stations placed mainly around the site perimeted, @egular health physics surveys with
portable dose meters around areas on-site knowe sssociated with enhanced dose rates.
Data from the TLD monitoring stations for the periOctober 1986 to April 1997 and from
the dose meter measurements for 1996 have beermedoby UKAEA.

The Tandem Van de Graalff accelerator (B477) wasatipg during the time of the airborne
survey, and on one day of the vehicular survey26ih September 1996, the Tandem was
producing 8.86 MeV protons, reaching a maximum dfMeV. The two nearest TLD
stations gave dose rates of 68-74 nSvduring August 1996, levels which are close to
natural background dose rates, and lower than edgdly the airborne results for the general
area. The TLD stations are situated some distan@y drom the Tandem building. The
TLD's time average the local radiation environmamd therefore, unless the machine is in
full time operation, it's contributions to the igtated measurements will also be diluted
relative to the natural radiation fields. It wad okear therefore whether positioning of TLD
measurements, the effects of a low operational dytle on time-integrated measurements,
or the influence of local ground level shieldingprotecting the area relative to what was
observed from aircraft heights, explained the défee between airborne measurements and
the TLD results.

HELIOS 1 and 2 (B418) provide commercial irradiatioperations for AEA Technology.
The two machines have different beam orientatidd&LIOS 1 produces a 20 MeV
horizontal beam, and HELIOS 2 a downward 10 MeVrbe@here are 2 TLD stations in
the vicinity of the HELIOS accelerators and the maary with the Rutherford laboratory.
Health Physics measurements were also taken aifigns close to the HELIOS accelerators
in February, March and April 1997. Of these measwat point 3 appears to consistently
produce higher dose rates than the others; 24thi%24th April 1997), 110 nSv'h(22nd
March 1997) and 100 nSvV*h25th Feb. 1997). This measurement point is omtréhern
side of building B418, towards the centre of the.sThe two TLD stations gave dose-rates
of 71 and 62 nSv hduring August 1996. These are positioned alongp#rémeter fence
between the HELIOS and ISIS (RAL) machines. Agaiese routine measurements did not
identify significant ground based signals projegtactross the Harwell/RAL boundary.

The B462 Active Handling Complex is a separatehcéal facility within the licensed nuclear
site. There are underground storage silos for wastierials, and alongside the complex is
a fenced I1SO container compound. Within this compleere are 46 routine monitoring
points immediately around the boundary of B462 #@ compound. There is also a
perimeter TLD station (no. 16) at the site fencke health physics surveys of September
1996 show a mean of 1026+210 nSVfbr the 46 locations, with the highest levels aings

23 (6000 nSv 1), 35 (4000 nSv 1), 36 (7000 nSv 1) and 37 (3000 nSv'H. The fence
perimeter TLD (station 16) gave 83 nSV.Hrhe October survey clearly showed a great
reduction in levels at all the high value pointg\pously measured in September, with a

17



reduction in the mean to 490+71 nSv. This reduction is the consequence of disposal of
radioactive wastes off-site, and the re-arrangeréstored materials on-site. The surveys
are conducted on a monthly basis, but do not ircluglimeter measurements in the western
and NW directions. Monthly measurements on-siteughout 1996 show variations from
500 nSv H to 20,000 nSv h, with both peak levels and positions changingdesgly. It is

not clear that the surveys are directly synchrahisgh the movements of radioactive waste,
although consideration of perimeter implicationsoth movements would seem appropriate,
given the proximity of the complex to SE and NWipweaters.

The LETP is part of the nuclear licensed site,daeparately fenced area to the north of the
main Harwell site, and provides storage and proogssf liquid waste streams. The
perimeter fence of this area is one of the areasitore@d using portable dose meters on a
monthly basis. There are 21 perimeter monitoringpggoand 3 TLD stations in or near the
LETP complex. The dose-rates recorded on 24 Serteft¥®6 (one day before the airborne
survey) varied from 150 to 300 nS¥,hwith a mean of 210+11 nSv*thThe TLD stations
produced results ranging from 60 - 240 nSvfbr August to September 1996, with higher
readings on the west side of the LETP. UKAEA alsavgled information regarding monthly
health physics survey results over the period 2@thl 1995 to 4th April 1997, and on TLD
results from 1986 to April 1997. The mean valuemefrumental readings since 1995 have
been around 210 nSv*thwith a range of readings from 100-1500 nSv ®ver the longer
term it is apparent from the published TLD restiftat LETP dosimetry was higher before
1990, with dose rates from 600-2500 nSyrhcorded during the period when the research
reactors were operating, and that there has beewenall reduction in levels over the last
5-7 years. The LETP area is close to parts of tréhern housing area, and to tennis courts
to the north of the main site. While the locatianproximity to occupied areas is less than
ideal, it is clear that dose rates are generatlucang, and also that the feature has been well
recognised in both UKAEA monitoring programmes amdhe recent NRPB critical group
dose assessment (Robinson et al, 1994).

4.1.2 Special Health Physics Surveys, March-A@971

Following publication of the airborne survey resulUKAEA conducted an additional survey
on the 7th March 1997. The locations where dosesrakceeded 60 nSv* hwere recorded
and results provided for this study. The Tandenelkcator was not operating on this day,
and therefore no features were reported in thig.are

Dose rate readings on the eastern perimeter agptoathe B462 complex were recorded
ranging up to 450-600 nSv*hin the vicinity of the HELIOS accelerators and3®oundary
fence dose-rates of up to 800 nS\where recorded in small areas. One point with &date
100 nSv R was recorded by the main site perimeter in the &wethe south of the shops
and LETP.

A further survey was subsequently conducted nesaif #hdem accelerator during full energy
operation. The accelerator building has an exteshild wall at ground level, thicker in the
eastern quadrant, presumably constructed to preshadding in directions to the south and
east of the facility. Measurements were taken ap@hts along the perimeter, against the
shield wall at ground level, and above the shiellwlhe dose-rates in the worst case
operational situation is 6000-8000 nSV &bove the shield wall, this radiation shines in an
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upward direction so has little effect on groundellesdosimetry. At ground level close to the
shield wall peak dose rates of 400 nSY tvere recorded in southern directions, reducing
to 200-300 nSv h at the perimeter. It is apparent from these daaathe TLD stations are
located too far to east and west of the facilityréspond to the radiation field from the
accelerator.

4.2 RAL Surveys March 1997

The Rutherford Appleton Laboratory provided doste-nmeasurements at the RAL fence
adjoining the Harwell site measured by health ptg/staff in March 1997. A collimated Nal

detector was used to measure dose rate at eactf dhe 720 fence posts surrounding the
site. Where intense signals were recorded the dies were calibrated using an ionisation
chamber. An uncertainty of £50% was quoted to takeount of issues surrounding
calibration of dose rate measurements in such nmexedgy radiation fields, and uncertainties
in the background subtraction.

The site perimeter on the southern and SW edgestheaSIS accelerator is protected by
a massive earthworks, constructed to provide pasdiielding from the beam ends. In these
directions, and also to the east of the Rutherfabibratory complex perimeter dose rates
were reported as indistinguishable from naturalkbemund levels. However along the
boundaries with the Harwell site, and the areaectosthe Fermi Gate access to the Harwell
site, elevated signals were detected. Between fanogbers 511 and 579, approximately
opposite buildings R45 and R52, elevated dose raégs observed with two maxima, the
first of approximately 100 nSvhmore or less opposite the end of building R55e-rtrain
accelerator target hall, the second a broad pesthileg a maximum of about 600 nSv h
slightly to the east of the main control room ent& A third, very localised, peak was
observed on a single fence post (no. 596) of apprabely 350 nSv fi. This last feature was
located quite close to the Fermi gate.

The overall pattern appears to be spatially coasiswith the profiles detected from the
airborne survey, which showed two peaks in appraxaty the same relative intensities. The
highly structured signal near the Fermi gate wasspatially resolved in the airborne survey
data set.

It is understood that the highest and most stromgljimated signals are believed to be
associated with the pre-injector to the acceleratehnich is less heavily shielded than other
machine parts.

4.3 HMIP Perimeter Monitoring (1989-1994)

Perimeter monitoring was conducted by Tracerco uncentract to Her Majesty's
Inspectorate of Pollution annually between 1989 &@84, when it was discontinued in
recognition of the NII role on the Harwell site.d3® consisted of measurements of dose rate
at 64 locations around the perimeter of the mainuedd site, the Liquid Effluent Treatment
Plant and the Southern Storage Area. These readiaigsnot published at the time, but have
been made available for this study by the Enviromn#egency, and are given in table 4.1.
The sequence of measurements proceeds essentadkywse around the main perimeter.

It appears that the data have not been subjecthtivagtion of the detector background and



cosmic ray response, therefore the readings of 7@y hi* probably represent the
combination of natural gamma ray background andnéosay exposure.

The survey data are valuable in drawing attentmnhe changeable nature of individual
features. Moreover these data have responded as timsome of the features detected by
the airborne survey, which appear not to have lbepresented in other contemporary data
sets.

Examples of this can be seen in the area betweelISt® and HELIOS accelerators, where
position 18 has recorded dose rates of 950 n&§LA89), 1200 nGyh(1990), 330 nGy h
(1992) and 670 nGyh(1994). Similarly to the west side of the B462 gbex position 35,
ground level dose rates of 200-260 nGYwere recorded in 1993 and 1994; levels for
the previous two years were similar to natural aoknd, and 160 nGy'Hevels were recorded
in 1989 and 1990. This position corresponds toattea where airborne features D,l and P
were detected in September 1996. The monthly healsics monitoring on-site has shown
that dose rates associated with stored materidlsdthuced between September 1996 and the
March 1997 ground based survey. The check mongoconducted on behalf of HMIP
however shows that there have been periods befig® When ground level perimeter dose
rates have both increased and decreased in thasida¢ presumably as a result of waste
movements on site. Results from the LETP areaemerglly consistent with other data sets.

2C



Table 4.1 Results of HMIP commissioned perimeter monitonggramme 1989-1994.

Dose Ratey(Gy hr?)

Positon ™ le/ee | 1190|2051 6/597  1s/4i9p 1074 Location
1 0.05 0.08 0.073 0.07 0.06 0.08 Main Gatehouse
2 0.10 0.10 0.081 0.08 0.09 0.07 South of Main (Gaise
3 0.09 0.10 0.072 0.09 0.08 0.06 Near Hangers Band
4 0.11 0.10 0.076 0.08 0.09 0.07 Near Roundabout
5 0.11 0.11 0.077 0.07 0.08 0.09 East of Tandem
6 0.10 0.18 0.072 0.07 0.08 0.08 West of Tandem
7 0.25 0.10 0.204 0.12 0.09 0.06 North Bus Park
8 0.10 0.10 0.068 0.08 0.08 0.06 North of Atlas &
9 0.10 0.10 0.077 0.07 0.07 0.07 NW of Atlas Buigdin
10 0.12 0.10 0.090 0.08 0.08 0.07 North of NRPB
11 0.10 0.10 0.077 0.08 0.11 0.07 NW of NRPB
12 0.10 0.10 0.079 0.07 0.12 0.06 East of B462
13 0.11 0.11 0.090 0.09 0.12 0.23 East of B462
14 0.14 0.14 0.243 0.24 0.10 0.16 East of B462
15 0.10 0.10 0.094 0.09 0.07 0.08 East of B462
16 0.09 0.10 0.072 0.07 0.07 0.08 HELIOS
17 0.18 0.19 0.080 0.08 0.09 0.08 HELIOS/ISIS
18 0.95 12 0.209 0.33 0.24 0.67 ISIS
19 0.12 0.60 0.117 0.14 0.09 0.10 Between RAL and MTRs
20 0.25 0.15 0.077 0.08 0.08 0.10 East of DIDO
21 0.11 0.20 0.076 0.08 0.09 0.07 East of DIDO
22 0.07 0.15 0.078 0.09 0.08 0.07 East of DIDO
23 0.09 0.10 0.180 0.11 0.07 0.08 East of DIDO
24 0.10 0.10 0.088 0.13 0.08 0.07 East of DIDO
25 0.10 0.10 0.083 0.11 0.08 0.06 East of DIDO
26 0.12 0.12 0.104 0.34 0.09 0.09 East of DIDO
27 0.08 0.15 0.124 0.18 0.08 0.06 South of MTRs
28 0.12 0.12 0.068 0.07 0.08 0.07 South of MTRs
29 0.10 0.12 0.076 0.08 0.08 0.07 West of PLUTO
30 0.10 0.12 0.075 0.07 0.09 0.08 West of PLUTO
31 0.10 0.10 0.091 0.11 0.08 0.08 West of PLUTO
32 0.10 0.10 0.067 0.07 0.08 0.09 W Perimeter ahiite
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33 0.10 0.12 0.065 0.07 0.08 0.07 W Perimeter of Main Site
34 0.10 0.14 0.072 0.07 0.11 0.10 W Perimeter of Main Site
35 0.16 0.16 0.080 0.08 0.20 0.26 West of B462 1ISO Compound
36 0.10 0.12 0.087 0.08 0.09 0.08 WNW of B462

37 0.09 0.12 0.090 0.08 0.08 0.08 NNW of B462

38 0.15 0.12 0.091 0.08 0.09 0.08 NNE of B462

39 0.10 0.12 0.082 0.08 0.07 0.07 N Perimeter of Main Site
40 0.09 0.10 0.074 0.08 0.08 0.07 N Perimeter ahNbite

41 0.10 0.10 0.090 0.08 0.08 0.07 N Perimeter ah\sdte

42 0.10 0.12 0.078 0.09 0.07 0.08 N Perimeter of Main Site
43 0.12 0.15 0.083 0.09 0.08 0.07 N Entrance of Main Site
44 04 0.3 0.072 0.08 0.17 0.09 N Perimeter of Main Site
45 0.2 0.35 0.066 0.09 0.11 0.09 N Perimeter of Main Site
46 0.16 0.2 0.078 0.10 0.13 0.10 S of Sports Field

47 0.6 0.6 0.076 0.08 0.13 0.22 West of LETP

48 0.14 0.2 0.175 0.11 0.15 0.19 West of LETP

49 0.14 0.15 0.121 0.14 0.10 0.10 West of LETP

50 0.10 0.15 0.346 0.39 0.10 0.11 West of LETP

51 0.12 0.20 0.158 0.19 0.09 0.08 West of LETP

52 0.12 0.15 0.123 0.12 0.08 0.07 West of LETP

53 0.10 0.15 0.104 0.10 0.10 0.09 East of LETP

54 0.10 0.12 0.101 0.10 0.08 0.07 East of LETP

55 0.11 0.10 0.103 0.09 0.08 0.07 East of LETP

56 0.10 0.11 0.075 0.07 0.08 0.07 E of Southern Storage Arg
57 0.09 0.10 0.070 0.08 0.07 0.07 N of Southerna§mArea
58 0.10 0.12 0.077 0.08 0.08 0.07 N of Southern Storage Arg
59 0.08 0.10 0.074 0.08 0.08 0.07 N of Southernag§®Area
60 0.10 0.10 0.076 0.08 0.08 0.07 W of Southerna§mArea
61 0.10 0.10 0.070 0.08 0.09 0.07 S of Southerra§eoArea
62 0.10 0.10 0.081 0.07 0.08 0.08 S of Southerra§eoArea
63 0.10 0.10 0.075 0.07 0.07 0.07 S of Southerra§eoArea
64 0.08 0.09 0.067 0.08 0.08 0.08 E of Southerre§wArea
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4.4 Vehicular Survey Details (June 1997 by SURRC)

The vehicular survey was designed to provide furtiegail of the radiation fields projected
beyond the perimeter fence to supplement the exjground based information described
in the previous sections. Particular points ofriesé were to investigate the area to the south
of the Tandem accelerator in off-site locationsintestigate the area to the W and NW of
the site, and to attempt to separate the groursl Bntributions of the ISIS and HELIOS
accelerators. Other areas of interest were théeworthousing area, where the local authority
had a particular interest in reviewing the relasioip between the LETP source and housing,
and areas of the former airfield. Of these the aw@aounding feature "O" near the sports
field to the east of the Rutherford laboratory tsdmwn a small local anomaly from the
airborne data. The local authority and UKAEA alsi&ed for exploratory measurements to
be taken at the surface of the old catapult pithenairfield, and in the vicinity of the former
southern housing area, where new housing developnaea planned.

The survey dates, the 19th and 20th June 1997, plarmed to coincide with a period
immediately following ISIS maintenance, when it wasped to be able to make
measurements at a fraction of normal power, andedifeer at full power. In the event
however the maintenance period had already enddtatart of survey, and apart from a
few short periods when operation was temporaritgripted in response to faults, this did
not prove to be possible.

Approximately 7000 Nal spectra and 2900 Ge speegtee recorded in the course of the
survey. Of these 1200 Nal and 600 Ge spectra veeded just inside the perimeter fence,
340 Nal and 170 Ge spectra were recorded justaritbie perimeter fence, and 5500 Nal
and 2100 Ge spectra were recorded at other locatibhe results from this survey are
described in section 5.

4.4.1 The Vehicular Survey Area

The vehicular survey area consisted of inner an@roperimeter drives around the main
Harwell site. In addition, the vehicle was drivdoray roads around the northern housing
area near the Liquid Effluent Treatment Plant (LEBRd on the grass to the east of the
LETP complex. Open areas to the south of the Tandamde Graaff accelerator and the
RAL sports field were surveyed by driving parallelutes approximately 10 m apart.
Additional attention was given to roads near th& BLomplex (Active Handling facility),
between HELIOS 1&2 (B418) and ISIS R55 (RAL) accater buildings, and to the south
west of the Research Reactors Division (DIDO, PLY.TReasurements were also taken,
with the vehicle stationary for short periods,@itine thermoluminescence dosimeter (TLD)
stations. Figure 4.1 shows the perimeter survetesoand survey areas.

A summary of the route taken by the vehicular tesshown in Appendix C. This includes
details of filenames, times of measurement, natelsodservations made during the two day
period 19-20th June 1997.

4.4.2 Equipment and Installation

The vehicular survey was conducted using a longelvbase Vauxhall Frontera 4x4 car.



The detector system deployed in this instance stewsiof an 8 litre Nal scintillation unit
securely installed on the car roof rails and a pAiIHPGe GMX semiconductor detectors
(50% relative efficiency) securely mounted on tlearr spare wheel, in a downwards
orientation. Differential GPS technology was usedgositional information, using a NavStar
XR-4G and Aztec RDS 3000v3 receiver. Positionauaacy was found to be variable (10
m - 100 m) depending upon prevalent satellite agdlaion and reception interference by
nearby buildings.

The radiometric rack, containing data logging P@ power supplies was installed within
the rear passenger compartment, and two new leddatteries provided continuous power
operation for at least 6 hours use before rech@dterential GPS and radio antenna's were
placed on the vehicle roof. Liquid nitrogen for gemiconductor detectors was provided by
RAL ISIS staff. Each GMX detector was attached t8 ktre dewar, providing sufficient
capacity for 24 hours use.

4.4.3 Survey Parameters

The vehicular survey was conducted at approximabely0 mph (8-16 kph), and where

measurements were taken across accessible parlisieaspacings of about 10 m and

consistent with a field of view of about 30 m famneplete coverage. Radiometric readings
were recorded in 5 and 10 second intervals by thleaNd GMX pair respectively. The gain

of the*°K peak (1461 keV) was continuously monitored farthal gain shifts and adjusted

accordingly.

At the start of each survey day, the energy reswludf the 8 litre Nal detector was checked.
On the 19th June it was 9.9% at 661 keV; on thé& Jbne it was 9.7%. The combined
energy resolution of the GMX pair was 2.3 keV afl &&V. The Ge detectors were later
found to be slightly mis-matched at energies aldoieV, this has no appreciable effect on
the results.

4.4.4 Data Recording and Processing

The SURRC recording technique and data nomenclatawre been designed to make checks
of spectrometer operation possible during surveyl to enable rapid checks on all data
during reduction and analysis. Data reduction stage all self-recording, and the archive
is structured so that primary data can be examimeere any unusual features have been
found. The archive is fully retrievable, doubly kad up, and uses ASCII files for all data
storage to facilitate quality assurance in accocdanith procedures developed over many
years. These procedures have been designed toeeashigh level of data integrity and
traceability, and are periodically reviewed to takeount of system developments.

The data reduction procedures follow a sequendsaoddition and quantification of signals
corresponding to individual radionuclides, and rastion of dose rate. Initial processing
comprises extraction of count rate data from setb@&nergy regions corresponding to the
full-energy peaks for individual radionuclides. $hiakes place in real time during the
survey, for predefined nuclides, and can be suppiteed by full spectral analysis afterwards
if required. The resulting summary includes induaticount rates, positional information and
time of measurement which are then processed thrauggquence of stages and calibrated
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with estimates of ground radionuclide inventoryrsily net count rates are obtained by

subtraction of background values from recorded grosunt rates. Secondly spectral

interferences between nuclides are separated asmajrix stripping procedure. The data are
then converted to calibrated activity per unit agivity concentrations and dose rate values
as appropriate. Data can be mapped rapidly at t@agge ©f this procedure.

For this survey, spectral windows corresponding®t6s (661 keV)®Co (1172 keV) K
(1461 keV),?Bi (1764 keV),%°®T| (2615 keV) and total count rate 450-3000 keVr (fo
estimation of dose rate) were predefined. A regragon of the spectral data provided
additional information in the region 40-3000 keVrifping coefficients used were measured
at SURRC using a set of doped concrete blocksaagplsource of'Cs and point source
of ®°Co, representing the likely spectral componentssmesl at the detector heights utilised
for this survey. Background rates used were thosasored during the Newbury District
airborne survey over water for a 16 litre Nal, dradved. This method provided count rates
consistent with 8 litre Nal readings recorded dgnomevious airborne surveys at Sellafield
and in Nigeria (Sandersahal, 1990; Sanderson & Allyson, 1991).

Radiometric maps were prepared from the calibralse and positional information was
transformed from latitude and longitude (WGS84 data OSGRSB80 grid) to OS coordinate
system by a reliable algorithm recommended by thedn@nce Survey. This gave a
transformation to within 5-10 m accuracy, assumihgt the original DGPS positional
information was in itself accurate. During the yDGPS signal degradation was observed,
especially when near high structures or dense veoaldILocal topography or poor satellite
constellation coverage on occasions also reduee®@PS accuracy.

Dose rate measurements were made using the Narepeter and Type 680 Mini-monitor
environmental radiation meters, owned by UKAEA Hallvand SURRC, near the Tandem
accelerator on the afternoon of the 20th June 198vder to check the dose rate calibration.
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5. RESULTS AND DISCUSSION

This section presents the results of the vehiauavey, and compares them with the results
of the other radiometric surveys that have previyphbeen outlined. This data has been used
to characterize the nature, extent and any poteatitological implications for the various
radiometric features observed.

5.1 Discussion of Features
5.1.1 Liquid Effluent Treatment Plant (LETP)

The vehicular survey covered the readily accessil#as to the south and east of the LETP,
which were potentially influenced by the known sigmobserved from airborne and ground
based measurements. The results were consisténéxpectations, in that readily detectable
137cs and®Co signals were observed in the vicinity of theilfgcfalling off rapidly with
increasing distance from the plant. The gamma osgdates determined from the vehicular
survey are shown in figure 5.1. Maximum recordeatle measured by the vehicular survey
near the LETP reached 285 nGy Which are consistent with previously recorded lsve
The vehicular survey also included extensive avatsn the northern housing estate, where
the dose rate due to the LETP was considerablyrl¢é@ 70 nGy H), approximately the
upper range of local background levels. A few sraetlas of enhanced activity were noticed
in this area, which will be discussed further iotgmn 5.1.7.

Previous UKAEA reports show that the levels at Thé® monitoring stations to the north
and north west of the LETP to be vary between 1#D480 nSv H in recent years, but with
levels up to 2200 nSv~hbefore 1987. The routine health physics surveydooted in
September 1996 recorded levels between 150 anch300i'. The HMIP commissioned
perimeter monitoring programme measured similaelewaround the perimeter fence after
1991; one location having activities of 600 nGyih 1989 and 1990. The radiation levels
recorded in the vicinity of the LETP have beenif@lover the course of recent years. As
expected the airborne and vehicular results atdyhmpnsistent with the more recent of these
observations.
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5.1.2 Tandem Van de Graaff Accelerator

Vehicular measurements were conducted in the doettsee south and east of the Tandem
accelerator on the 19th June, when the machineopasating at high power, and late in the
afternoon of 20th June after the machine had bestcrsed off.

The spectra recorded on 19th June showed a contiraftscattered radiation and 511 keV
annihilation radiation, consistent with the intdi@ags from high energy photons. Examination
of spectra up to 3 MeV produced evidence that tileeshergy distribution extended beyond
the upper limits for these data sets. It has baémated that 25-30% of the total gamma-
dose is in the region 3-10 MeV. Data were corredmdthis underestimate using the
procedure described in appendix B. With this thximam (corrected) result on the 19th
June was 180 nGyh(approx. +25% uncertainty). With the Tandem opatatthe dose rate
levels were between 80 and 180 nGYy With the Tandem not operating the dose rate was
around 40-50 nGy'h corresponding essentially to the local gammabmagkground from
natural sources.

Gamma dose rate maps are shown in figures 5.2 @antbbthe operational and shutdown
conditions, with the measurement position of egabcgum indicated. The measurement
position is the calculated mid-point between whiie spectrum was started and finished.
The maps show variations in off site dose rate twiappear to reflect the structure of the
external shield wall behind the accelerator. itogable that whereas the highest levels of off-
site radiation occur in the southerly directiors influence of the machine being readily
detected out to 200-300 m, lower levels are sedhdreasterly directions. This corresponds
with directions where the curtain wall behind thaahine is significantly thicker. It is
moreover notable that the site boundary fence s bmoved inwards recently on the
eastern side, following demolition of light buildis originally positioned in the areas the SE
of Hangar 8. It appears that one effect of thekirigart of the shield wall was to protect
these older buildings from radiation arising frame taccelerator.

Figure 5.4 shows the variation of dose rate wisitahce from the Tandem for segments to
the south south east (1806() and south (168200°) of the accelerator, and the dose rate
for the area including both of these segments whth Tandem not operating. With the
Tandem off the average dose rate was 46+7 ASthie upper and lower limits being shown
by the solid lines on the plot. The plots with thandem operating show the mean
background and fits to inverse square functions,dbse rates for these plots having been
corrected to account for the high energy componéttie spectra.

Assuming the dose rate due to the Tandem followsyagrse square function of the form
fitted to the plots in figure 5.4 it is possible tormalize the dose rates for the data to a
single distance from the Tandem. Figure 5.5 shdwgdbse rate normalized to 100 m for
all the readings within 200 m of the Tandem ploteeda function of bearing from the
Tandem. It can be seen that there is a maximum atosleout 160

The two TLD stations near the Tandem (numbers 2¥ 28) have recorded dose rates
between 40 and 100 nS¥*lin recent years. These stations can be seenptabed too far

to the east and west of beam centre to have redomdeximum dose rates. Their measured
values are however consistent with vehicular redolt those positions. As noted in section



4.1.2 the health physics survey conducted by UKAsHAr the airborne survey showed dose
rate levels between 100 and 200 nSwahthe fence which appear to be consistent witkeh
recent vehicular results, thus confirming thatdheelerator does indeed irradiate areas close
to the perimeter fence. These locations are raBtigccessible to the public, and are in an
area where it is understood that light industrele@lopments are planned, with the potential
that occupancy may increase in future. Radiatiqrosure to members of the public in this
location seems unnecessary, and would have togtéied in terms of ICRP60. Therefore
recommendations are made in section 6 for condideraf steps to avoid or minimise such
exposure.
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5.1.3 ISIS (RAL) and HELIOS (Harwell, B418) Acced¢ors

The ISIS accelerator in the RAL and the HELIOS &m@dors in Harwell are located

adjacent to each other, separated by the site $eand a site access road. HELIOS 2 is
operated virtually continuously, but HELIOS 1 ar@IS function in a less continuous

operating cycle. While operating, ISIS and the HBSI accelerators all contribute

significantly to the dose rate along the road.

The two TLD stations (numbers 3 and 4) located rtbar HELIOS accelerators have
recorded dose rates of between 40 and 110 f/Sm hecent years. Routine health physics
monitoring in 1997 showed dose rates up to 240080 h' in close proximity to the
HELIOS accelerators, and the UKAEA March perimetervey identified areas along the
boundary fence with RAL with dose rates of 800 800 nSv i'. Measurements by RAL
in March 1997 showed dose rates up to 600 nSvdne of the locations monitored in the
HMIP commissioned perimeter monitoring programmeorded levels of between 210 and
1200 nGy M.

The vehicular survey took measurements along thenpéer between the ISIS and HELIOS
accelerators on three occasions, during the per®d5-18:51 on the 19th June and twice
between 10:57-11:08 and 17:26-17:55 on the 20tk .Juigure 5.6 shows the dose rate line
profiles for these data sets (using the 8 | Nakdtr, corrected to account for the high
energy component of the accelerator sources, Appdd)d The measured dose rate was
between 70 and 600 nG¥ hwith the highest dose rates corresponding taation west of
the accelerator inside the RAL site. However thasneements within these data sets on the
UKAEA side of the boundary do not apparently respda the major signal recorded
opposite the ISIS Control Entrance by UKAEA and RiAltheir March 1997 surveys. It was
noted (Stonell pers. comm.) that a Mini-series 68fvey meter carried in the vehicle also
failed to detect this major peak. Further analg$ithe data from both Nal and Ge detectors,
together with the RAL observations, have been uaéen to explore this apparent anomaly.

Figure 5.7 shows plots of data sets recorded aloedpoundary separating UKAEA and the
RAL sites, against distance from an origin locas¢dhe western corner of the RAL site.
Figure 5.7 (a) shows dose rates based on the 8 dé&tactor recorded on 20th June 1997
at around 1740 when the ISIS accelerator was rgnaira very low beam current, and at
around 1103 when ISIS was running at full powerthN&IS on the Nal detector records a
peak in excess of 100 nGy'H0Om from the working origin, which is consistémth in
position and magnitude with the values recorde®By. shown in figure 5.7 (b). However,
between 200 and 300m from the origin, opposite 88 Control Entrance, the Nal system
has recorded lower signals with ISIS on than olestrwhen the accelerator was off.
Examination of spectra and spectral colour plotssteown that strong annihilation radiation
peaks were observed at 200m and 300m positiongtloer side of this feature, but that the
Nal system has been overloaded in intermediatetiposi by the high intensity pulsed
radiation field associated with this position. Fgwb.7 (c) shows the high energy events
recorded in the pile-up channels (>2 MeV) of thegpectrometer across the same section,
after subtraction of an estimated natural backgdaztomponent between 2 and 3 MeV. This
data set shows both the smaller feature at 100m the origin and the large peak at 200m.
There is a suggestion of a small signal at posiié@m which may correspond with the
highly collimated signal detected by RAL at a senfgnce post near the Fermi Gate.



This further investigation of the vehicular datawas conducted following consultation with
RAL. The reasons why the Nal system, and the 682eguneter, failed to record the major
radiation signal are related to the pulsed natfithe radiation fields associated with ISIS.
The ISIS accelerators operate on a 50 pulse pendeftequency, with approximate pulse
duration of 1 seconds. During an individual pulse the peak tamhafield is thus some
20000 times stronger than average levels. The wajhme detector is unable to resolve
individual gamma rays at these high peak counsrapparently the less efficient gas filled
survey meters may also have difficulty resolvingsé signals. The observations that the
"missing" signal could be detected in high energgrmmels of the Ge detector, and also the
associated presence of 511 keV annihilation razhaith adjacent Nal spectra are indicative
of a high energy photon component in the majoratain field near ISIS. This may have
implications for identification of the origins; wheas part of the fence signals recorded by
RAL have been associated with the first stage [8sinjector (maximum energy 665 keV)
the higher energies inferred from these spectramebservations imply additional sources.

Further investigation would be required to deteemirhich aspects of machine operation are
responsible for these signals. In any event theeyuand this study have drawn attention to
the cross-boundary issues surrounding machine ssuand identified areas which had not
been fully represented in routine measurements,varete continuing attention is clearly
appropriate.
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HELIOS/ISIS Accelerator Sources Corrected Gamma Dose Rates
Gamma Dose Rate, nGy h'! (40keV - 10 MeV)
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5.1.4 Active Handling Facility (B462)

During the airborne survey of September 1996, datss of up to 70 nGyhwere measured
along the perimeter north west of the Active HamgllFacility (B462), the most significant
component being Th-series activity. The TLD statir@arest this location recorded a dose
rate of 83 nSv 1 at that time, with the TLD station south eastu facility recording a
dose rate of 60 nSv*hRoutine health physics surveys during this perembrded dose rates
between 100 and 7000 nSV klose to the building. Both of these sets of regsihave
varied significantly over time, with TLD readingetveen 40 and 120 nSv'hat both
locations, and at one location health physics nooimi¢ recording a change from 1000 to
20000 nSv H in the course of one month. The perimeter monitprprogramme
commissioned by the HMIP recorded dose rates db60 nGy H along the fence south
and east of the complex, and doses of 70 to 260hiGalong the fence north and west of
the facility.

The vehicular survey in June 1997 recorded dosesraf 60 to 400 nGy halong the
perimeter south and east of the facility, and 36@mGy R along the perimeter to the north
and west. The radiometric map from the vehiculaveyalong the north and west perimeter
is shown in figure 5.8. There is no evidence of sti®ng Th-series signal in this area
previously recorded by the airborne survey in Sapier 1996. It is known that in September
1996 approximately 60 tonnes of thorium materiatersored in an ISO container inside the
Active Handling Complex pending transfer to an @e-storage facility.

The frequent movement of active material to, framd avithin the Active Handling Facility

is reflected in the routine monitoring programmesaducted by UKAEA and others.
However it is not clear whether the routine hepltlgsics monitoring is sufficiently adaptive
to deal with such circumstances, and particuldréy dff-site aspects of this problem. Given
that the HMIP commissioned surveys and the airbsureey had both identified periods in
the past when off-site radiation could be measuredhe W and NW directions, this
possibility should be borne in mind. It is desiealiat radioactive materials are stored in a
manner which does not cause significant off-sitkafon fields. If this is not practicable,

it is certainly desirable that off-site implicat®rmare considered as an integral part of the
operations which move such materials around.

5.1.5 Reactor Feature

It became apparent after the airborne mappingahaiv level radiation field was present at
the south western corner of the Harwell site, mfcinity of the PLUTO reactor building.
Figure 5.9 shows airborne survey gamma dose-ratdseatimates of*’Cs deposition.
Results from the vehicular survey are shown inriggh.10, and colour encoded plots from
the Nal detectors and HPGe detectors are showigunels 5.11 and 5.12 respectively. The
only nuclide other than natural sources identifiedhe vehicular survey was'Cs, with
signal levels close to fallout levels. The airbosoevey showed scattered signals consistent
with a shielded source, possibly on site, or withivaty with a well mixed distribution in
soil. The presence of stored materials contaifif@s in the vicinity of the reactors was not
expected at this stage of decommissioning (Stopets comm). Nor was it possible to infer
from the vehicular results whether the radiometignals were the result of projected
radiation or low level off-site contamination.



A small scale investigation was thus conducted ly Geosciences Advisory Unit of
Southampton University to determine whether anytammation was present (Croudace and
Warwick, 1997). This consisted of in-situ gammacspemetry and soil sampling along two
transects oriented normally to the axis of theoaudtric feature, at increasing distances from
the site boundary. The sampling results showed'@s distribution which was broadly
consistent with the radiometric anomaly, with madim activity at the higher end of the
range expected from global weapons testing fall@uch a feature has no significant

radiological implications, although the reasonstfos particular distribution of activity are
not clear.
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5.1.6 RAL Sports Field (Feature "O")

Evidence of a small feature from airborne survewasueements, on the sports field adjacent
to the RAL site was brought to attention immeduatptior to the vehicular survey. The
opportunity was therefore taken to further investiggthis feature (feature "O") at ground
level. A series of slow speed, parallel tracks weaken by the vehicle over the sports field
at about 10 m spacing and close to the previowsntified feature. The results show that
rather than having a local focus, the general dr&a slightly higher levels of natural
radionuclides than the surroundings. The mostYiledplanation for this is that the sports
fields may have been based on imported soil whilgher natural radioactivity than the local
chalks. Figure 5.13 shows the contoured vehicudanmga-ray map.

5.1.7 Additional and Unresolved Features

A number of additional features were identified thg vehicular survey, which were not
observed during the airborne survey. An enhancedcsoof natural uranium or radium was
located near the southern end of the Harwell buk (faature 1). This corresponded to a
small earthwork adjacent to a link road {84.727N, 118.727W, +7m). The vehicle was
parked at this site, and a long live time spectwas obtained using the Ge detectors. Figure
5.14 shows the resulting spectrum, after subtraabioa suitable local background, with a
representative local background spectrum for cormpar

During the course of the survey six other featwese also observed (features 2-7), and it
was recommended that UKAEA staff sample these d@afirther analysis. Subsequent
examination of the data revealed another six sfiealiures (features 8-13), five of which
were outside the site perimeter. The locationdldhase features are shown in figure 5.15.

Spectra from the other small areas of enhanceditgcwere also examined. Figure 5.16
shows the background subtracted Ge spectra fattier sixes features identified during the
survey (2-7). Figure 5.17 shows the spectra from gix features identified during later
analysis (8-13). Table 5.1 gives the count ratesvémious gamma ray peaks in the GMX
spectra, after subtraction of a suitable local gaoknd, for radioisotopes in the U-series,
Th-series and fof*’Cs, for the 13 locations and the calibration stt&senham Common.
Due to the geometry associated with small localigedrces these count rates can not be
readily converted to calibrated activity concentnas for these isotopes, the relative intensity
of the peaks can, however, provide the relativemsition of these sources.

It can be seen that all these features have caies ifor U-series isotopes enhanced by
factors of approximately 10-100 above expected nahtibackground levels. Some of the
locations also have count rates from Th-seriepsed enhanced by factors of about 10. The
137Cs count rates are all consistent with weaponsntedallout levels. Some of these
locations (1, 5, 7, 9 and 11-13) are due to enhditeeels of U-series isotopes, others (3,
4 and 10) have enhanced levels of U and Th-sesetpes in approximately natural
proportions. The remaining locations have enhamctidities from U and Th-series isotopes,
but with the U/Th ratio greater than that presantatural materials.

The energy deposited in the Ge detectors can bedfoy forming an energy integral, the
sum of the energy of each channel multiplied byrthmber of counts in that channel. Table
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5.2 gives the rate of energy deposition in the @e&cors for each location and the
Greenham Common calibration site, along with anvedent dose rate. The equivalent dose
rate is that which would give the energy integrsdlaning a uniform planar source, and is
produced by comparison with the calibration sitee Table also gives the OS grid reference
of each location and summarises the informatiosaurce composition.

Samples of road surface taken from seven locatdegified during the course of the survey
were collected by UKAEA staff, and analysed by gaanspectrometry in the laboratory.
The activity concentrations f6t'Bi and°®T| determined from these measurements are given
in table 5.3. There are some discrepancies betwibese measurements and the
measurements made during the vehicular surveyelieegreement for locations 1, 4, 5 and
7. However, for location 2 the UKAEA measurementoisenhanced natural material,
whereas the vehicular survey has U and Th-seriégth @xcess U-series isotopes. For
locations 3 and 6 the UKAEA measurements only sbieseries enhancements, whereas the
vehicular survey shows enhanced levels of Th-ses@®pes as well. These discrepancies
may be a result of inhomogeneity within the matesiathe road surface, with the samples
removed for testing not being entirely represenéati

These features consist of material that is sigaifity enriched in U-series isotopes, with
some evidence for segregated Th series activiligs. activity is located at or near the
surface at various locations around the Harwedl Jihese produce significant, though highly
localized, enhancements to external dose ratesttegid superficial nature may result in
potential suspension, and possible internal exgopathways. The material appears to be
typical of uranium mineralisation or low grade or&se reasons for it's presence in these
locations, and the precise physical and chemicah$oof the activity have not yet been
determined. Nevertheless it appears to be a loel ladioactive contaminant associated with
historic use of the site.

5.1.8 Catapult Pit

An aircraft catapult pit established by the RAF thve former airfield at grid reference
SuU483865 (approx.) was filled with industrial wabieAERE around 1949/50. Although this
area had been examined by AEA within recent yeaithout revealing any signs of
radioactivity, more recent measurements of samfalken at depth discovered low level
radioactive material amongst the waste. It is usided that some of this material was
removed recently, and the pit backfilled. The Vafléhe White Horse District Council asked
for surface measurements to be made to ensuréhttat was no surface activity.

The vehicular survey in the vicinity of the CatapRit comprised a series of parallel tracks

traversing the known location of this buried feat(figure 5.18). There is no enhancement
of radiation levels above local background values.
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Table 5.1 The count rates (after subtracting a local baakgd) of full energy peaks for isotopes in the U @hdseries and®’Cs for locations
in and around Harwell with higher localized dosesand=not detected).

Location U-series Th-series -
22€Ra 214Pb 214Bi 212/211Pb ZOETI ZZEAC CS
kev| 186.0 295.2 351.4 609.3 1120.3 238.6/241.9583.2 911.3 969.2 661.6
1. Near Bus Park 11.9+0.83 24.3+0|3  43.3+0.3  39240. 9.0+0.2 11.1+0.3| 0.66+0.1B <0.4 <0.5 1.24+0{14
2. Road near LETP 1.8+0.5 5.1+0.4 7.4+0.4 7.0+0.4 .3x0.2 10.4+0.5 4.1+0.2 2.7+0.2 2.3x0.p nd
3. Road near LETP 1.1+0.3 2.7+0.p 3.2+0.p 3.0+(.2.5940.10 9.0+0.3 3.7+0.2 2.50+0.14 2.20+0({13 nd
4. Road near LETP <0.7 1.740.3 2.4+0.8 2.44Q.2 0Z+| 5.5+0.4 2.0+0.2 1.3+0.2 1.5+0.2 0.13+02
5. Near roundabout 1.2+0.4 3.9+0.p 6.1+0.6 5.5+(.51.5+0.4 1.6+0.6 <0.2 <0.2 <0.2 nd
6. Near former <0.5 2.5+0.3 5.0+0.3 4.6£0.3 1.56+0.15 5.8+0.B 10/85 | 1.25+0.15| 0.5+0.2 nd
prefabricated housing
7. Near road junction <0.8 3.91+0.% 4.5+0.% 4.1+0.51.4+0.4 <1.7 <0.2 <0.2 <0.2 nd
8. Near former <0.6 2.0+0.3 3.0+0.4 1.1+0.4 0.6+0.2 9.0+0.5 3.2+0f 2.3+0.2 2.0+0.2 nd
prefabricated housing
9. Near road junction <0.4 1.1+0.3 2.810.8 1.8+0.3 0.6+£0.3 <1.0 <0.5 <0.5 <0.1 nd

10. Near Southern | 0.8+0.2 1.9+0.2 2.0+0.2 2.1+0.2 0.87+0.p6 7.6£0{3 .0530.13| 2.1+0.10| 1.46+0.12 nd
Storage Area

11. Near roundabout 3.0+0.3 4.7+0.8 9.5+03 8.2+(0.2.82+0.15 1.6+0.2 <0.3 <0.1 <0.1 0.94+0.08
12. On road west of <3 3.3+1.1 7.61£0.9 7.8+0.9 2.2+0.5 <3 <0.5 <0.5 5<0. nd
Tandem
13. Near Harwell <15 <1.0 3.5+0.7 3.1+0.7| 1.0+0.9 <2 <0.3 <0.5 <0.Y 0.6%x0.5
restaurant
Greenham <0.05 0.20+0.08 0.37+0.07 0.41+0.@503+0.05| 0.97+0.10 0.44+0.04 0.30+0.04 0.21+Q.0613+0.05
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Table 5.2 Positions, energy integrals and equivalent dosesréor areas of enhanced localized

activity.

Location Position Energy Integral | Equivalent dose Comments
(OSGB) (pd &Y rate (nGy i)
1. Near Bus Park | “477%°ge>®® 59.1+0.1 11310 Enhanced U
2. Road near LETP | #4g%201g7520 28.3+0.2 5415 Enhanced U and enhanc
natural material
3. Road near LETP | #48'501g7470 16.740.1 3243 Enhanced natural materi
4. Road near LETP | 448?201g7%%0 10.9+0.1 2142 Enhanced natural materi
5. Near roundabout | “481%01867% 13.5+0.2 2643 Enhanced U
6. Near former 44830185220 16.8+0.1 3243 Enhanced U and enhanc
prefabricated housing natural material
7. Near road junction| #48%201g5%0 11.8+0.2 23+2 Enhanced U
8. Near former 44815018090 12.9+0.2 2542 Enhanced U and enhanc
prefabricated housing natural material
9. Near road junction| “48'2°1g5%0 5.6+0.1 10.7+1.0 Enhanced U
10. Near Southern | 448701850 12.240.1 2342 Enhanced natural materi
Storage Area
11. Near roundabout| 448201862 15.6+0.1 3043 Enhanced U
12. On road west of | 4477501gg%"° 23.7+0.4 45+4 Enhanced U
Tandem
13. Near Harwell 447680186740 15.1+0.3 29+3 Enhanced U
restaurant
Greenham 8.45+0.04 16.2+1.5 Calibration site

Table 5.3 Activity concentrations determined by UKAEA forwoes located during the vehicular

survey.

Location Position | **Bi (Bq kg") | *°°TI (Bq kg")
1. Bus Park 4477%0 18>0 18004100 <8

2. Near LETP p g0 1g 20 8445 7743

3. Near LETP 44850 1g 7470 15004100 <9

4. Near LETP 448720 1g7#%0 82+6 6614

5. Roundabout 44810 186" 16004100 <8

6. Near former 448%°0 186220 1400+100 <6
prefabricated housing
7. Near road junction | “482°'g5%° 750+100 <6
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identified during the vehicular survey.
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Figure 5.17 Background subtracted spectra recorded with thel€&ectors for six features
identified after the vehicular survey.
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5.2 Radiological Consequences

The survey has clearly shown that the LETP is netoinly source associated with the Harwell
complex with localised off-site dose rates in exxe$ 200 nGy H. Whether such
signals actually cause exposure to members of th#icpdepends on local habits and
occupancy. Exposure from machine sources is depéng®n the operating conditions at
times when members of the public are present. heigeg terms one would not expect a
benefit to accrue to an exposed member of the pudtid therefore there must be doubts in
the area of justification of such exposure.

Exposure of this sort may be largely unnecessavenghat public access could in principle
be limited or controlled. There may be scope fanstouction or deployment of additional
local shielding around critical features, or foraarging the storage of radioactive wastes in
a manner which does not lead to off-site radiation.

The range of dose rates, determined from all abklaneasurements, along the perimeter
fences near features with significant radiologisignatures are shown in table 5.2 below.
For each feature, the range of the number of hagaired to reach an annual dose of 0.3
mSyv (the NRPB recommended dose constraint for mesrddehe public), 1 mSv (the NRPB
recommended dose limit for a member of the pulaic) 5 mSv (the statutory dose limit for
a member of the public) is given. The equivaleninbar of hours per day to reach these
annual limits are given in parentheses.

The areas of highest dose rate are along the reparaing the RAL and Harwell sites,
particularly between the ISIS and HELIOS accelasatoith ISIS operating, and along the
perimeter between the MRC and B462 Active Handlagility. In both of these cases
exposure in excess on average of 1 hour per dag cesult in an annual dose in excess of
the dose constraint of 0.3 mSv. However, publieasdo these areas is limited by the need
to pass through the RAL or MRC areas to reach tlsenthese areas are only of concern to

Table 5.4 Range of dose rates and exposure times to reaclabdose levels of 0.3,
1 and 5 mSyv at the site perimeter near varioustiitkh site features.

Feature Perimeter Hours to reach annual dose constraints or limits
dose rate (hours per day)
(nGy h")
0.3 mSv 1 mSv 5 mSv
LETP 100-300 1000-3000 3300-10000 16500-50000
(2.7-8.2) (9.0-27) (>24)
Tandem 70-200 1500-4300 5000-14300 25000-71500
(4.1-11.8) (13.7-39) (>24)
ISIS/HELIOS 100-1200 250-3000 850-10000 4150-50000
(0.7-8.2) (2.4-27) (>11)
B462 50-800 400-6000 1300-20000 6500-100000
(1.1-16.4) (3.7-55) (>18)
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staff at Harwell, the RAL or the MRC who may entieese areas during their working day.
It is highly relevant in this context to note thlaé dose constraint concept was developed to
deal with situations where more than one exposatbvwpay applied. The unusual situation
of two machine sources operated by different instihs affecting the same area provides an
interesting example of this situation. There ark shresolved questions about the relative
contributions of the two sources. Moreover therg/ i@ aspects of the application of dose
constraints across inter-institutional boundariésciv would merit further attention.

Other areas around the perimeter are more accessilthe general public. In particular, the

area near the Tandem and the North Housing Estatethe LETP are both accessible to
the public. Spending a few hours each day on aedrathese areas could result in an annual
dose approaching the NRPB recommended dose caristrai

A recent NRPB report (Robinsoet al, 1994) defined two critical groups who may be
exposed to direct radiation from the Harwell sitke first of these are inhabitants of a local
housing estate, who spend 2000 H working in a local town, 1000 h Yrworking an
allotment near the site, 30 hi'yon the river bank near Sutton Courtenay with #raainder

of their time at home. The second critical group isombination group of individuals with
outdoor activities and eating habits likely to emé& exposure. Members of this group were
assumed to live in a nearby village, spend 1000 hity their garden, 2000 h yrworking
near the Harwell site, walk close to the site fdr day* and spend 30 h yron the river
bank near Sutton Courtenay. The annual doses ddeect radiation for these two groups
were calculated by NRPB to be 38 and (¥ respectively.

These annual doses were calculated using measuremmethe local environment where
available, or from fence monitoring data collectedluly 1992, with the dose rate at the
point of interest obtained using an inverse sqlesecorrected for attenuation. It has been
shown in this study that the routine monitoring greanmes conducted by UKAEA and
others may have overlooked or underestimated thenpter dose rates for some of the
sources of off-site radiation. Improvements in ntoring strategy of these dose rates may
require a reassessment of the annual doses toatigtioups.

5.3 Airborne Surveys of other Nuclear and Non-Naclsites

The airborne survey of licensed nuclear sites & th, Europe and USA has become a
recognised assessment and monitoring techniqualdition to regular health physics and
environmental management. The airborne survey®tIKAEA Harwell site and the RAL

facilities is therefore not unique. To put the lesof the present report further into context,
the following section summarises some comparatate drising from other airborne surveys.

The SURRC airborne survey team has, since 198&lumead measurements at nuclear and
non-nuclear sites, in the UK, Europe and Africadarumber of purposes including baseline
studies, environmental research, radiation assegseraergency response, source searches,
epidemiological studies and European standardisaercises. Table 5.5 tabulates airborne
surveys conducted near UK nuclear sites, indicatimoge sites where perimeter radiation
signals have and have not been detected and aoxamate estimate of the associated
environmental dose rates.
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Table 5.5 Airborne surveys of Nuclear Sites

Nuclear Sites Radionuclides observed Reference
at the fence
Trawsfynydd Nuclear “Ar + 1N Sandersoet al, 1989b
Power Station
Calder Hall Nuclear “Ar + 1N Sandersoet al, 1990d
Power Station, Sellafield (410 nGy H)
Chapelcross Nuclear “Ar + N Sandersoet al, 1992
Power Station (120 nGy )
Hinkley Point Nuclear “Ar + 1N Sandersoet al, 1993a
Power Station (100 nGy )
Springfields Fuel U and®*"Pa Sandersoet al, 1993b
Fabrication Plant (150 nGy H)
Hunterston Nuclear ®co +*'Cs Sandersoet al, 1994e
Power Station (90 nGy h)
Sizewell Nuclear “Ar + 1N Sandersoet al, 1997d
Power Station (150 nGy H)
HMNB Devonport none Sandersetral, 1993a
Torness Nuclear none Sandersaat al, 1994d
Power Station
HMNB Clyde (Faslane), none Sandersaet al, 1996b
North Perimeter

The nuclear fuel reprocessing plant at Sellafigld tischarged a variety of radionuclides into
the environment of the Irish Sea. Airborne survegsducted in the vicinity of coastal
margins, saltmarshes and estuaries in the Solwdly &nd River Ribble, have revealed the
extent and level of radiocaesium and other radibdes in these environments (Sanderson
et al, 1990¢,1990d,1992,1993b,1994c). Gamma dose rdtassaltmarsh near Sellafield
varied between 60-230 nGy l{Sanderson et al, 1990d), mainly due to radiocaesSimilar
levels have been observed in salt marshes in thbl&Estuary (Sanderson et al, 1993b),
which have been considered in critical group deasessments for the Springfields site.

An international exercise was conducted in Finlamd. 995 involving 8 airborne survey
teams from France, Germany, Sweden, Finland, DdgnNorway, Canada and the UK
(Sandersoet al, 1997b). The survey area includétCs deposition from the 1986 Chernobyl
nuclear accident, at levels of up to 100 kB4, which, when added to the natural gamma
ray background of an area of predominantly grardginel granidioritic origins produced
overall gamma dose rates of approximately 150 n&y h

Across Europe, a number of airborne survey teame banducted nuclear site assessments.
An airborne survey of Kozlodui nuclear power statio Bulgaria was performed by the
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Bulgarian airborne geophysics group, in collaboratvith the Finnish Geological survey and
Geological Survey of Canada (Hetual, 1992). It showed average total dose rates of 75
nGy h', and up to 160 nGy hin some areas. Radiocaesium contamination corretpg

to the same areas where these dose rates occweszlfound to be comparable with large
areas of Sweden and Finland due to Chernobyl fa(thout 80 kBq i **’Cs).

In France, HELINUC of the Commissariat a L'Energtemique (CEA) have performed a
large number of airborne surveys, including a rsgugy the IAEA and the Marine
Environmental Laboratory (Monaco) to investigateenindustrial and nuclear plants along
the Danube between Budapest and the Black SeadBomset al, 1995). The Radiation and
Nuclear Safety Authority of Finland (STUK) and Fisim Defence Forces Research Centre
have conducted extensive airborne surveys in Fhland Estonia between 1994-1997
(Nikkinen et al, 1997). These included power plants and envirotatemonitoring of
Chernobyl fallout.

In the USA, an airborne survey team operated by BEGEnergy Measurement Remote
Sensing Laboratory has extensive experience inwdimd) monitoring and assessments at
nuclear facilities. Measurements taken directlyroie Brookhaven National Laboratory
have shown at least 1 milli-Roentgen per hour (966§ h') due to the presence 3o,
®Co and"®*'Cs (EG&G, 1984). Elsewhere, dose rates of about@®ph* were measured.

The airborne survey technique has developed frammium prospecting applications and
gamma dose rates from the natural environment shaations reflecting the underlying
geology of the area being investigated. In SW Emgjldhere are variations in dose rate of
10-80 nGy H (Sandersoret al, 1993a), related to the native geological featuhesSW
Scotland, granite masses contribute 10-100 nGychthe local dose rate. The airborne
survey of Newbury District in 1996 (Croudaeteal, 1997a; Sandersas al, 1997a), which
included the Harwell area, showed that the regoa avhole had a relatively lower natural
radiation environment than most parts of the UK.Switzerland, airborne radiometric
mapping has been used by the Swiss Geophysical @Gsiom in regions of high natural
radioactivity (Schwaret al, 1992).

Enhanced gamma dose rates from non-nuclear, inalstes have been recognised for some
time as contributing to the natural radiation eamment. Airborne surveys which have
included the Delta Steel Works in Nigeria (Sandergod Allyson, 1991), and fly ash settling
pits at Longannet coal fired power station on théhFof Forth (Sandersoet al, 1991) have
revealed local enhancements of comparable magnitutteose observed near nuclear sites.

With the exception of the accelerator sourcessitpeals and features discussed in this report
are similar to those found by airborne surveyfatgerimeter of other UK nuclear facilities
and in some instances, comparable with levels fonmdastal environments of the Irish Sea
due to discharges from nuclear fuel reprocessingwév¥er specific conclusions and
recommendations with respect to the Harwell sieeraade in the following section.



6. CONCLUSIONS AND RECOMMENDATIONS

The aim of the study was to investigate the sesfesadiometric features identified in the
vicinity of the Harwell site during the airbornergay conducted for Newbury District

Council in 1996. The airborne results have beeanaysed and associated with known
sources of ionising radiation on the Harwell andtieuford laboratory sites. Published
environmental monitoring data have been reviewedether with the results of existing
unpublished data sets supplied by UKAEA, the Enwviment Agency and NRPB.

Supplementary measurements have been made by UK&HEARAL between March and

May 1997, and a vehicular survey was conductedWSC in June 1997.

The work has confirmed that there are a numbeddfti@mnal radiation sources, apart from
the liquid effluent treatment plant, which generatisite radiation fields at ground level,
in the vicinity of the signals detected in the amie survey. The main additional sources
identified include the Tandem accelerator, the ISES.IOS accelerators, and radiation fields
associated with licensed radioactive wastes stondthe Harwell site in building 462 and its
surrounding ISO container compound. These machmegcses, and the wastes produce
dynamic radiation fields, whose implications vamyt are of comparable or greater strength
to those associated with the LETP, which had preslipbeen identified.

The significance of these features has been exammeétive to ICRP and NRPB
recommended criteria. In particular the dose cairstrconcept is relevant to individual
sources of direct radiation. It has been recogntbatl the direct radiation pathways have
received less attention in past radiological assesss than doses due to radioactive
discharges. However the decommissioning of the ldlimwaterials testing reactors and other
changes to the nature of work on the site havdteskin lower radioactive waste discharges
over the last decade, these render the direct pgthwnore significant. Changes to the
licensing, management and site boundaries havdaltso place within recent years, and the
nature and quantities of radioactive wastes storesite are clearly undergoing changes. The
peripheral areas of the site are undergoing reidpueent as part of the process of
diversification from previous nuclear interests.afigst this background it is clear that direct
radiation exposure close to the site perimeterasgts a more significant exposure pathway
than recognised in past radiological assessments.

The features discussed in this study would be dapzlalelivering dose constraint exposures
to individuals spending 1-2 hours on average per idathe most affected areas, when
machine sources are operating. It is recognisedttigunlikely that the actual occupancy
of these areas is as high as this. Moreover geognised that the dose constraint level of
300uSv yr! represents a radiation dose increment which isiwihe range of variations of
natural radiation exposure, and which correspords tvery small level of risk to an
individual. Nevertheless current recommendationsadh international and national levels
are clear that such radiation exposure should bmded where possible or at least
minimised, and any significant residual radiatiostified.

The Harwell and RAL sites maintain both statutong aon-statutory radiation monitoring
programmes. These programmes consist primarily @isurements using TLD's in fixed
locations, which are replaced and analysed on athlhoror bi-monthly basis, and

measurements at fixed locations using portable dasemeters. This report has identified
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some areas in which the routine monitoring prograsave failed to fully identify and
characterise radiation sources with off-site radiratonsequences. This is also true of the
monitoring conducted independently by NRPB in 1982support of the most recent
published dose assessment. Independent monitaosimgnessioned by HMIP between 1989
and 1994 as a regulatory check identified mordes$¢ features; however these results were
neither published nor communicated to UKAEA, arefréfore their potential for influencing
site assessments may have been limited.

Supplementary monitoring conducted as a resulhefairborne survey, and the vehicular
survey conducted for this study have indicated wlmiprovements could be made in routine
monitoring, and confirmed the existence of the mi@atures. In addition the vehicular
survey identified a number of small areas outsidelicensed site boundary with low level
uranium contamination. More work is needed to idgnihe source and extent of this
material, and to ensure that its presence doepnesent hazards to the redevelopment of
areas of the former airfield which have been usedABRE in the early years of the nuclear
programme.

It became apparent after the airborne mappingahetv level radiation field was present at
the south western corner of the Harwell site, mfcinity of the PLUTO reactor building.
The soil sampling results showed*<Cs distribution which was broadly consistent wtik t
radiometric anomaly, with activity correspondingtiwthat expected from global weapons
testing fallout. Such a feature has no significeadiological implications, although the
reasons for this particular distribution of actyiare not clear. The airborne data may
additionally appear to include a scattering compofie@m the ISIS facility.

On the basis of this study a number of recommeadsatare made for consideration. It is
suggested that the Vale of White Horse District @oluraise these points with the site
operators and their regulators, and follow up #sponses:

1) Steps should be taken to prevent or minimise putddiation exposure
resulting from on-site activities including thoskentified here. Consideration
should be given to limiting public access to thieeted areas, to provision of
supplementary shielding around radiation sourcesit@) and to re-arranging
the locations of radioactive materials to minimiéesite dose rates.

2) Justification for radiation levels remaining afseich work should be reviewed
subject to the normal process of consultation.

3) The additional radiation features discussed in teigort, principally the
Tandem Van de Graaff accelerator, the ISIS and @S A&ccelerators and the
B462 complex with the associated ISO storage comgposhould form part
of future dose assessments.

4) Routine monitoring programmes conducted by the @jterators should be
adapted to respond more positively to perimetemdesy and its changes. In
this respect consideration should be given to dleation of fixed monitoring
stations, to the use of instrumental methods whiespond to dynamic
situations in addition to integrating dosimetry,daim conducting periodic
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5)

6)

7

8)

perimeter surveys to ensure that critical areadbaneg kept under review.

Consideration be given to incorporating monitoramgl assessment of off-site
consequences into operational procedures for moaidigactive materials on-
site.

Any revisions to the routine perimeter monitorirggramme be published in
annual reports, but that the practice of reportnitpite average" based on a
partial set of monitoring data be discontinued.

The site regulators consider the re-instatemeanahdependent programme
of perimeter monitoring, to replace that which vdéscontinued by HMIP in
1994. The results of such monitoring should be hileld, and action taken
to ensure that any gaps in the operators routingtoring are identified and
corrected.

The nature, extent and origins of patches of loxell&ranium contamination
on the former airfield should be identified. Theegence of other similarly
contaminated areas should be investigated, anddmasion should be given
to removing such material from areas outside theect licensed site.
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9. APPENDICES
APPENDIX A. Airborne Survey Flight Details and Profile Plots

The airborne survey commenced at 16:00 on 25theBdmr 1996. Four circuits of the
Harwell perimeter were flown in a clockwise dir@ctistarting from the eastern side of the
site, at increasing distances from the perimet€he first circuit, including approach to the
site from the north, took 8 minutes, and comprigédiles (152 Nal spectra) and the second
took 6 minutes (48 files, 96 Nal spectra), bothhase flights passed between the main site
and the LETP compound. The third circuit took Suates (52 files, 104 Nal spectra) and
the fourth 5 minutes (46 files, 92 Nal spectra).

General infilling of the surrounding area at appnoately 50m linespacing was then carried
out. First, north of the site (10 minutes, 894jl&78 Nal spectra), then the east (6 minutes,
58 files, 116 Nal spectra), the south east (5 neis\ud 3 files, 86 Nal spectra), the south and
west (10 minutes, 78 files, 156 Nal spectra).

Figures A.1 and A.2 show profile plots for spectrahdows corresponding td>'Cs (661
keV), ®°Co (1172 keV)*K (1461 keV),?*Bi (1764 keV),?°®TI (2615 keV), total gamma
dose (450-3000 keV) for the first 500 spectra dradntire data set. The data have been
calibrated with respect to an equivalent plane digjpm (eg.**'Cs) and uniform depth
distribution in the case of the natural radionuesid

Low energy spectral windows which have been dematest to be useful in interpreting
scattered gamma radiation have also been used. additional dose rate profile was
calculated over a much larger range (40-3000 k&djm energy deposition in the detector
crystals (in pJ%). Profile plots for these parameters are showfigures A.3 and A.4,
again for the first 500 spectra and the entire data
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APPENDIX B. Summary of Detector Calibration and Data Processing for the Vehicular
Survey

1) Detector and Data Collection System
8 litre Nal(TI) detector array (2 crystal pack):
Serial numbers: IN356, JA895
EHT: 1000V (nominal)
Pair of GMX Semiconductor detectors operated irlperwith scintillation detector:

Serial number: 32-TN30665A Pop Top (EHT: -3000V)
Serial number: 32-TN40320A Pop Top (EHT: -3000x&viously -3500V)

TableB.1 16 litre Nal system performance check

Date Resolution Detector Detector
at 661 keV Sensitivity Sensitivity
| % (Gross) /cps (Net) /cps
16/06/97 11.1 972+3 541+2
19/06/97 9.9 83943 572+2
20/06/97 9.7 - 51945

* 1 137Cs calibration sheet (#1, number up)

486PC logging computer. SURRC 19" rack and NIMPSIMKkII power supply

NavStar GPS operated in conjunction with RDS300fv&nable DGPS operation (10 m
accuracy, 4800 Baud)

Garmin GPS 89 provided additional information te tperator

24 Vdc battery power supply

Recording software: GREN1.BAT/.BAS/.EXE (twin MCBEal and GMX detectors)

Summary software: NDSM1.BAS, NDSM2.BAS (.SM1 ANIM3 respectively)
Data analysis software: AERONW16/17.BAS

Time differential: 19:12:08 (PC), 19:09 (DCWS)
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Table B.2 Filenames

Filenames Filenumberg Logging Counting
Programme Times
Is
HARW1 1,312 GREN1 5,10
HARW?2 1,201 GREN1 5,10
HARWS3 1,768 GREN1 5,10
HARWA4 1,167 GREN1 5,10
HARWS 1,930 GREN1 5,10
HARWG 1,999 GREN1 5,10
HARWY7 1,83 GREN1 5,10




2). Spectral Windows
Table B.3 Nal measurement windows

Original Windows Reintegrated Windows
Channel Radio- Channel Back- Energy Channel Back-
nuclide Number ground Range Number ground
Icps lcps
1 B¥ics 95-128 27.31 40-100 7-16 0
661 keV
keV
2 ®co 170-208 10.21 100-299 17-33 48.4
1172 keV
keV
3 K 220-270 10.61 200-300 34-50 62.4
1461 keV
keV
4 2a9j 270-318 5.8 300-450 51-75 47.3
1764 keV
keV
5 2087 390-480 4.87 450-3000 | 75-500 103
2615 keV
keV
6 Total 75-500 103 | pJstin 7-500 23.54 pJ’s
>450 40-3000
keV keV
Table B.4 HPGe measurement windows
GMX Pair
Window Radionuclide Channel Background
Number lcps
1 2IAm (59.5 keV) 62-66 0
2 #Th (63 keV) 66-70 0
3 2871 (583 keV) 578-590 0
4 2Bj (609 keV) 604-615 0
5 137Cs (661 keV) 655-666 0
6 ‘%K (1461 keV) 1450-1463 0
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3) 8litre Nal Stripping Ratios
Stripping ratios were measured on the 9th July 188i@g doped concrete calibration pads,

a™*'Cs plane source and%Co point source, at ground level within the SURRAilration
Facility.

Table B.5 Stripping ratios

137CS GOCO 40K 2148i 208-|—|
137cs 1 0 0 0 0
®co 0.304 1 0.606 0 0
40 0.456 0.420 1 0.008 0
214B; 3.23 1.47 0.905 1 0.082
2087 2.58 0.682 0.594 0.446 1
4) Calibration Constants
b: slope of calibration line
c: calibration intercept
TableB.6 Calibration factors
Window Radionuclide b C Notes
1 Bics 0.133 0 Fieldwork
kBg m%/cps based
2 ®Co 1 0 cps
3 40K 9.87 0 Fieldwork
Bgkg'/cps based
4 214 2.92 0 Fieldwork
Bgkg*/cps based
5 208 0.853 0 Fieldwork
Bgkg'/cps based
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5) Gamma Ray Dose Rate

Gamma ray dose rate as measured by scintillatitecttes has commonly been estimated
by using the integration of count rate above angynthreshold (for example >450 keV and
terminating at 3000 keV). This has been demongir&deprovide a satisfactory basis for
conversion to total gamma ray dose rate for enviremal radionuclides. However in the
presence of machine sources and low energy souhmesse of a broader energy range (for
example 40-3000 keV) may be preferable. In viewhid, gamma dose rate was estimated
by re-integrating the Harwell survey data set (fmgrHARW1-7.SMR files; counting period
5,10 seconds), and similarly the Greenham Commdncukar survey (Sandersost al,
1997a) data set (forming GRNO01-05.SMR; countingqaed 5,30 seconds). The Greenham
Common data provided a control since extensive sipling and radionuclide inventory
was undertaken at the designated calibration 5it82¢.731N, 217.390W, +10 m). The
re-integrated data was then converted to the etpnv@nergy absorbed in the detector (in
pJ/s). Both data sets were related to the totahttoate 450-3000 keV to observe the
correlation.

The Nal spectrometer system used in the groundaabdrne surveys was configured to
record spectra up to 3 MeV. However, it is expedtest machine sources would generate
gamma rays at energies in excess of this. Thusa#l smmmber of high energy gamma rays
may be missed by the spectrometry system used,tlaadcould result in a significant
underestimate of the gamma ray dose rate measumedmachine sources when the system
is calibrated to a natural radiation field. Figi&& shows a plot of the log of counts against
log of energy for a spectrum recorded near the &#iRlerator, it is noted that a straight line
is produced at energies above the peak due to ilatroh gamma rays at 511 keV. An
extrapolation of this line beyond 3 MeV can be usedstimate the dose unaccounted for by
integration of the measured spectrum. This extrapm indicates that approximately 25%
of the total dose is accounted for by the regiomfi3-10 MeV, with upper and lower values
of 50% and 10% for the 1 sigma limits of the partersefor the straight line fit.

Corrected dose rates were estimated by taking tse date value derived for a natural

energy distribution, subtracting a fixed 40 nGYytmckground, scaling up by 1.3, and adding
in the fixed 40 nGy # background again.
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Figure B.1 Greenham Common Data: Vehicular Ground Survey 4—6th December 1996
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Figure B.3 Correction of high energy component
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APPENDIX C. Summary of Vehicular Route

Thursday 19th June 1997

Filename HARW1, recorded 10:52:53 - 11:52:57.

Survey commenced at B151, Harwell. The detectergwonfirmed to be operational. The
route taken was inside site from B151 to B462 caxpFermi Gate, Research Reactors
Division (DIDO, PLUTO), south east corner of siteorag perimeter fence, south west
corner, water recovery plant, Tandem Van de Graedklerator (B477). The Tandem was
operational.

Filename HARW?2, recorded 13:56:50 - 14:33:51.

Survey begun at Tandem (B477), outside Harwellrstt@ perimeter fence. Proceeded with
parallel line spacing of approximately 10 m , irthesouth direction in the area immediately
facing B477 (features "A" and "F"). Areas to thaseof B477, along access road and
Harwell playing fields was monitored with a simikurvey pattern.

Filename HARWS3, recorded 16:03:25 - 18:22:29.

The battery pair were replaced to extend duratiémrther Tandem monitoring work, and
extension towards bus park was made, behind Haoaaltieen and current road construction
area. The area near southern end of bus park @tad to have elevated levels of gamma
radiation in uranium windows. A return route waken past Harwell nursery and NIREX
building towards Liquid Effluent Treatment Plant§LP) and features previously noted as
"N, Q and R" inspected. Measurements were thererbde to the TLD monitoring point
at the LETP. Elevated levels were observed withenhousing estate (no.10 South Drive)
and at "Keep Clear" sign on garage door (no.3 S@uive). The rear of the LETP was
then monitored. A return route was taken to the fark for closer inspection of previously
noted feature. A small earthwork (B84.727N, 218.727W, =7 m) appeared to be the
source of enhanced natural uranium.

Filename HARWA4, recorded 18:40:27 - 19:11:14.

Route to RAL for liquid nitrogen supplies. Measuents were made near the inside fence
of RAL, and up to ISIS Control entrance.

Friday 20th June 1997

Filename HARWS, recorded 10:39:15 - 13:25:18.

Detector checks were completed and confirmed. fliisé route chosen was inside the
Harwell perimeter track near Tandem B477, and adoside of Harwell canteen towards
B551. High levels were recorded near B462 complest a number of passes were made.
The survey route headed towards Fermi Gate and.B448low run was made along inside
Harwell perimeter fence adjacent to RAL site andDThadge locations. ISIS status was
variable throughout the day (features "B, G and. KHurther measurements were made at
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the south east, south west and north west corriesgeo An exit was made at the Harwell
main gate and a route chosen towards local gardetre; and along past Chilton School,
Upper Farm, reactor site perimeter fence (south e@ser, outside site), and features "C,
H and L". Measurements were made at Meeshill Btaont, B462 (features "E, D, I, J, M
and P) and Aldfield Farm.

Filename HARWS, recorded 14:59:05 - 17:59:16.

A cross calibration between Harwell and SURRC 68@ismonitors was made at the

Tandem accelerator. The Tandem was then broud@finef Further measurements were
made in the vicinity to compare recorded signalhle previous day. A route was then
taken to RAL playing fields to inspect for evidenukefeature "O". Parallel line spacings

were made to enable saturation coverage. The wuhen headed towards the nearby
housing estate and old "prefab” locations. SomseMations were noted on the roadway,
showing elevated levels. A slow run was made betweees, grass areas and Chilton
School. Slow parallel runs were made at the locatif the old Catapult Pit. The survey
file was completed with further measurements indithewell site along perimeter fence

adjoining RAL, near ISIS buildings.

Filename HARW?7, recorded 18:55:59 - 19:11:07.
Final measurements were made within RAL site & ISbntrol entrance and RAL car park.

Line profile plots for the fles HARW1 to HARW6 arghown in Figures B.1-B.6. Six
channels 1 to 6 from the original data set, eqeiveto>*’Cs (kBq nY), *°Co (cps),*K (Bq
kg?), 2“Bi (Bq kg?h),?®Tl (Bq kg') and gamma dose rate >450 keV (mG¥y)yr Figures
B.7-B.12 show channels 2 to 6 from a re-integratath set (see Appendix A, section 4),
corresponding to count rates in energy ranges DOOK2V, 200-300 keV, 300-450 keV,
450-3000 keV and 40-3000 keV (calibrated in mGyfyom pJ &).
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Figure C.2 Vehicular survey profile plot.

Filenumber




HARW3.CL1
8 Litre Nal Vehicular Ground Survey 19th June 1997

Bus Park LETP LETP South  LETP Tandem Bus
us Far TLD station TLD  Drive rear Park
100 : T : I T II T L : — T
50 + | 137Cs | kBgm-2 |
o :
T | | | | | | 9300
I | | ]
T : 80Co /cps { I : : : 7 200
F | ]
£ | 4100
g ' | ' ' 1
1000 : ottt N L ,.‘.-A}nl :n. gl o g i Lyt A:. PUTITIRPTNOOF WP .im.m‘u“...“ - m,}?\ﬂ‘u. f.‘lnu“ ALY : ‘ 1...1 Ahtshy : ™ |.‘I...... 4 II :. " A‘MnI}NImAJAh.ﬂ 0
i I ) | | | | | !
i | 40K / Bq kgt | | | | | :
500 7 I I | I I |
| | | | |
0 : : | — | i ; ; ; ~ 400
| | | |
T | | | 1200
| | | ]
: I L Wl M kAl {: kit I ,l ‘ al M E—— ot
100 T | I I I | I i II | I | I | R
: l 208 -1 l l l l l : .
| TI/Bq kg | | | | | |
| | | | | | |
I I | I |
0 ¢ :i,:::‘,::::, ::, - : ::: | :i . 9,
T | | E
i : Gamma / mGy yrt (>450 keV) : : : : : 15
- | ' N | WA 1
— T T — T — T ‘ T -0
0 100 200 300 400 500 600 700
Figure C.3 Vehicular survey profile plot. Filenumber

9C



HARWA4.CL1
8 Litre Nal Vehicular Ground Survey 19th June 1997

RAL Main Rear ISIS Control Room (stationary)
Bus Park Gate of ISIS Entrance
100 N T T T T T |. T T T I T |I T T T T T T T I T T T T T T T T T I T T T
. ' | !
50 L | | || ¥Cs/kBgm? 1
- | |
C |
L | | | ]
0 £ ! NI VN WY M,L e e ]
__ : { I : — 300
+ : | | %Co / cps 4 200
F | ]
£+ | | =
= I 1 100
| | ]
Eo | ]
1000 —pAapmaitapraim -‘|*~W‘*f’\"\= :i“ﬂ“vmf* i B e B e e e e U
L
o | I, | *K/Bgkg?
500 — | | |
| ]
0 : i 5 :I e :: 400
| ]
4 | | Bi/Bgkg? 1 200
| | ]
i : ! ' I 1
C : | T ‘: I ' 10
- |
Eo | 208T| / Bag kot
- | | q kg
50 : | | ]
| | | i
: —~
| s
| |2
| 11
I ]
: =0

Figure C.4 Vehicular survey profile plot. Filenumber
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Figure C.5 Vehicular survey profile plot.
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Figure C.6 Vehicular survey profile plot.
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Figure C.11 Vehicular survey profile plot.
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Figure C.12 Vehicular survey profile plot.
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