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ABSTRACT

The historical mission of the United Kingdom Atomic Energy Authority (UKAEA) was to develop
nuclear power in the UK. The UKAEA was formed in 1954 but work actually began at the Atomic
Energy Research Establishment (AERE) Harwell in 1946 where the first experimental reactors were
built. Additional sites were established at Windscale, Winfrith and Dounreay among others as the
needs of the programme developed. Following the successful development of nuclear power,
UKAEA's mission is now the restoration of its nuclear sites. The final stages of decommissioning
require confidence that the land on which the facilities stand is clean enough to allow unrestricted
public access. Characterisation of the ground is therefore an important factor in the final clearance
stage.

This paper summarises progress on some of the work carried out within UKAEA during the period of
the IAEA research collaboration at Harwell and Dounreay. There is continued interest in defining the
level of background radioactivity on sites, clean up of known liabilities in disposal pits at the Harwell
site and characterisation on the Dounreay site of areas where the land quality is suspect. In some cases
it may be feasible to clean up the soil by various techniques such soil washing, and the final part of
this paper describes developments concerned with soil treatment.

1. SITE CHARACTERISATION PROGRAMME AT HARWELL

A wide range of work has been carried out at Harwell in support of the Nuclear Power
programme, from work involving highly active beta/gamma materials (typically fission
product type inventories) to chemical processes where specific radionuclides were studied
(such as pure beta emitters like strontium-90 or alpha materials including plutonium and
americium isotopes).

The Harwell site management plan envisages the progressive release of areas of the site for
commercial or residential development, hi some cases this involves release of land from
regulatory control, where the regulatory standards that have to be satisfied to achieve this end
point are as yet unclear. Characterisation of the land is needed to prove that land which is
believed to be clean is actually clean in practice, and also in order to determine the extent of
remediation required if the land proves not to be clean.

1.1. Generic site characterisation developments

Although some areas of the site are believed to have no history of radioactive work, the clean
status of the land needs to be demonstrated. The experience gained over the past two years has
shown that reliance on a surface radiation survey, or a programme of core sampling, may not
be sufficient unless coverage is total. Total coverage by core sampling is not always economic
and it is therefore important that sampling is targeted well. This requires a combination of
approaches to be used, in order to gather as much supporting information on the status of the
land to identify any areas where specific investigation may be needed.
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A series of factors are now considered in determining the approach to, and extent of any
characterisation programme required, either as part of a remediation programme or simply in
demonstrating land to be clean. These factors are discussed below, noting that there is a
degree of interdependence and overlap between them.

— Consideration of end point usage;
— Derivation of required clean up targets;
— Likelihood of contamination present;
— Pre-characterisation investigations;
— Knowledge of background radioactivity present;
— Characterisation regime;
— Remediation programme;
— Final survey clearance against clean up targets.

1.1.1. Consideration of end point usage

The planned end point may be residential redevelopment, commercial redevelopment,
agricultural use or simply making the land accessible as an open area. The extent of
characterisation that is required will be dependent on the scale of the remediation planned
which is turn dependent on the planned end usage.

1.1.2. Derivation of cleanup levels

Different clean up levels will be appropriate dependent on the proposed end use of the land.
This will also depend on whether the clean up is regarded as a part of a process of intervention
or part of a process of release from existing control.

Clean up targets are based on the results of modelling for specific end points, for a range of
pathways, eg food consumption, contamination of groundwater, direct radiation from
contamination present in the ground or from inhalation pathways as a result of resuspension of
materials from the ground. Any characterisation regime will have to be capable of
demonstrating that the derived clean up levels have been satisfied.

1.1.3. Likelihood of contamination being present

The scale of the characterisation programme that is required will depend greatly on the
perceived likelihood of contamination being present. In some cases, it may be well established
that the land has had no previous use and is therefore expected to be clean and the scale of
characterisation required may be relatively small. In other cases it may be readily apparent that
contamination has arisen. Other areas may lie somewhere in between in that a degree of
uncertainty exists over whether contamination is present or not.

This can best be evaluated from a knowledge of the previous use of the land, often based on a
review of the historical records, drawings and maps etc to establish whether there are any
recorded features which require investigation. Typical features might be pipes, bunkers, old
foundations etc which are not readily accessible from the surface. If these are observed, then
analytical effort can be targeted in these areas.
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1.1.4. Additionalpre-characterisation investigations

Experience shows that information on records and drawings is often only partially correct, or
ambiguous, and unexpected features may also come to light during remediation. It is better
that these are encountered prior to remediation, and further information may be gained from
non intrusive techniques which do not break up the ground but allow features below the
ground to be identified. Useful visual information is often obtained from aerial photographs of
sites. Additional probing techniques are also available such as ground penetrating radar,
electromagnetic imaging systems, ultrasonic techniques etc.

1.1.5. Knowledge of background radioactivity levels

Account must be taken of the levels of naturally occurring radioactivity in the soil, since this
may form a significant contribution to the total activity present. This is especially true in the
case of a clean site where, it is necessary to know the level of background in order to
demonstrate that no enhanced activity is present. Knowledge of the background levels of
radioactivity present is necessary since this defines the ultimate clean up target that can be
achieved, and it may be that clean up targets are set at some level above background.

1.1.6. Targeting characterisation effort

The aim of the characterisation programme will be to define the area where contamination is
present and to quantify its extent. It will also need to be able to meet the requirements of the
clean up criteria which in some cases may be very stringent.

Sampling will be targeted to where the likelihood of contamination is greatest, and will also
have to provide general coverage to provide confidence that no significant areas of
contamination have been missed.

The programme devised will take account of all the factors mentioned under the previous
headings to determine the limits of detection set for the analysis of samples in terms of
concentrations of radioactivity in the soil, and for the measurements of doserates in situ. Three
types of situation might be encountered.

1.1.6.1. Widespread contamination from a wind blown source

In this situation, contamination is expected to be fairly smoothly distributed and detectable at
the surface. Assuming there are beta gamma emitting radionuclides present, a simple walk
over survey to detect any enhanced gamma radiation should confirm the extent of
contamination, and regular spaced core sampling should be sufficient to determine the
concentrations of contamination across the whole field of survey. This should be sufficient to
define the area for remediation and give a reasonable prediction of the quantities of waste that
will be removed. In many situations this would require a degree of preparation of the site to
clear vegetation away. Where the contamination is very extensive, then vehicle mounted or
even airborne mounted detection systems may be used to carry out the radiation survey.

If a variety of radionuclides are present incorporating beta gamma emitters and alpha emitters,
it will be necessary to try to establish fingerprints based on known or likely combinations of
radionuclides to infer the presence of alpha and pure beta emitters present. If there are no
grounds for establishing a fingerprint, then greater reliance will have to be placed on core

189



sampling, being more extensive in coverage and intensive in analytical effort.. Establishing
fingerprints may help to characterise the presence of alpha and pure beta emitters by reference
to known ratios of gamma emitting radionuclides. If not, more extensive analytical effort will
have to be targeted on measurement of individual alpha and beta emitters.

1.1.6.2. Isolated spills

These will most likely be present at the surface and concentrated as hot spots making them
relatively simple to detect if gamma emitters are present. A preliminary walk over survey with
a gamma radiation sensitive device is usually sufficient to identify any localised enhancements
of activity that might require more intense core sampling to characterise the extent of
contamination. If pure beta emitters are present, then detection will be harder, but a
comprehensive walk over survey could be successful if sufficient contamination remains in
the near surface and a suitable detector is used.

1.1.6.3. Contamination associated with discrete features

These may be present at surface or below ground. If gamma emitters are present, the walk
over survey should again define areas for targeting core samples if the contamination is near
to surface. If below ground (certainly greater than 1 m), then gamma emitters will not be
detectable at surface. Targeting of effort relies on information gained from pre-
characterisation investigations using non intrusive techniques, aerial photographs, maps of
drain runs etc. Characterisation will rely heavily on the results of coring, or will have to be
supplemented by further characterisation at the time of remediation. Measurements of
groundwater may provide helpful information. Use of known fingerprints may again help to
characterise the presence of non gamma emitting nuclides, but if no gamma emitting
radionuclides are present, then surface monitoring is virtually useless and reliance must be
placed on targeted coring.

1.1.7. Characterisation during restoration programme and post clearance

At this stage, further characterisation will also be required in order to confirm the extent of
contamination as the restoration takes place, unless the full extent of contamination was
established during the pre characterisation.

Assuming the full scale remediation is successfully completed, this still needs to be confirmed
by a stage of post remediation characterisation. This characterisation needs to be thorough
enough to demonstrate that the end points have been met and in particular that final
concentrations are now consistent with background, or if not, within the cleanup targets that
were set for the specified end point.

1.2. Experience to date with combined techniques

1.2.1. Chemical burial pits

An example of where some of these techniques have been used involves an area of land that
has been used in the past for the disposal of chemically contaminated materials containing
traces of radioactivity. A remediation programme is already in progress which involves the
characterisation of wastes from 6 chemical disposal pits and five other pits containing
beryllium contaminated wastes.
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Characterisation work on the chemical and beryllium pits has used a combination of ground
penetrating radar, various electromagnetic geophysical methods, surface metal detection and
conventional core sampling. The use of ground penetrating radar has helped confirm the
boundaries of the pits, and by mapping of the geophysical features within the pits, sample
locations have been chosen which avoid hard objects which might damage the sampling
equipment. Samples were then taken using conventional coring equipment.

During the period of the collaborative research programme, techniques have vastly improved
for the spatial accuracy of measuring changes in doserates across wide areas. This has been
achieved using the combination of sensitive sodium iodide detectors coupled to data logging
equipment together with accurate position mapping provided by satellite global positioning
systems (GPS). These have allowed rapid and very accurate identification of very localised
contamination associated with near surface regions outside of the known burial pits which can
also be remediated.

1.2.2. Catapult pit

Further investigations have also been carried out at Harwell on an old feature of the site called
the catapult pit. The catapult pit was originally a second world war feature which was
developed for the launching of aircraft, but was never used. The feature was just below ground
level and was known to have been filled in during the early operational years of the UKAEA
on the site. However, there was little knowledge of what if anything was disposed of in the pit.
No radioactivity was detectable at surface, and previous excavations had also revealed no
radioactivity.

The feature was investigated with a variety of non intrusive techniques including electro-
magnetic imaging, ground penetrating radar and simple surface radiation measurements.
These techniques successfully revealed the presence of materials below the ground surface
and the shape of the feature was clearly identifiable. Electromagnetic imaging provided the
clearest pictures.

However, when further intrusions using mechanical digging equipment were carried out, some
radioactivity above background levels was readily detectable using simple hand held
contamination and gamma radiation meters. The material encountered turned out to be natural
uranium ore. This case highlights the problem of trying to determine levels of activity if
buried below about lm of ground since very comprehensive radiological surveys were also
undertaken using accurate GPS systems at the ground surface, but these revealed no evidence
of increased radioactivity above background level.

The site has also undergone radon gas sniffing and borehole monitoring to look for
radioactivity in nearby groundwater. Radon gas sniffing has revealed enhancements in the
region where the uranium ore was discovered, which was promising but not conclusive. It
may mean that the radioactivity is confined to the region where the initial discovery was
made, or it may mean that the gas has been more able to escape from the region where the
ground has already been disturbed.

These observations taken together underline the need to use a variety of techniques in pre-
characterisation before carrying out the restoration, and the need to be able to carry out on-line
characterisation as the restoration is carried out. Most importantly, it demonstrates the need to
develop characterisation techniques which are able to measure below ground radioactivity.
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One possibility is the use of thermoluminscent dosimeters (TLDs) to measure accumulated
dose if practicable ways could be found to position them below ground in suitable arrays.
These devices are small and robust, can provide good statistical measurements but have to be
left in situ and then removed for readout. There has been no development work of this type at
Harwell to date.

1.3. Background soil activity

Work is currently being carried out to assess the background level for environmental
radioactivity as a reference for comparison of clean soils with suspect soils from different
areas across the site. The aim is to ensure that end point criteria can be demonstrated for the
case of releasing parts of the site from regulatory control. This has involved taking of core
samples from extensive areas across the site, particularly in regions where the land is regarded
with most confidence to be clean.

One advantage of taking samples back to the laboratory for analysis is that detection limits can
be lower than for field based measurements and more accurate data can generally be obtained.
However, experience has shown that analytical methods have to be very carefully controlled.
Even within the same analytical laboratory, spurious systematic differences between two sets
of measurements have occurred which were initially attributed to possible differences in soil
types. On further investigation these were found to be due to changes in methods applied by
the analytical laboratory, where the calibrations applied to the later series of samples had been
changed. Re-assessment using the same calibration standards enabled the differences between
the data sets to be understood.

Top soil samples across the Harwell site have shown variations from 150 to 850 Bq/kgd0

alpha total activity (mean 490 Bq/kg), and beta between 120 and 760 Bq/kg
(mean 420 Bq/kg). This variation is large compared with potential clean up targets for certain
radionuclides and these measurements are therefore of limited value unless nuclide specific
data for naturally occurring radionuclides are also obtained. It has therefore been concluded
that reliance can not be placed on any method based on total alpha and beta measurements,
and other techniques must be used in addition. Another problem with the gross alpha and beta
method is the very small volume of material sampled (of the order of gram quantities).

Greater reliance is placed on gamma spectroscopy which can be carried out on more
representative samples (1 kg rather than gram quantities). However, there may be instances
where there are pure beta or alpha emitting radionuclides present which will not be detected
by gamma ray methods. A combination of the two techniques is almost always required.

The aim is therefore to develop sampling and analysis protocols for soil assessment
programmes. This will cover sample collection and preparation requirements. The preferred
method is total digestion of the whole sample, not allowing sieving of small stones. This
prevents bias of the results towards the finer, most likely contaminated fractions which could
result in concentration measurements being too high. Also, preferred regimes for sample
bulking are being considered. If the samples are properly prepared and controlled, then
bulking of individual samples to make larger samples should give better results than a series
of individual samples with less rigorous analysis.
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2. DOUNREAY WORK PROGRAMME

The Dounreay site in Scotland was established for the development of the fast reactor
programme in the UK. Site operations began with the 250 MW Dounreay Fast Reactor (DFR)
with its own fuel cycle operations to separate out plutonium for return to the reactor. A
prototype reactor (PFR) followed, and a Materials Testing Reactor (MTR), also operated on
the Dounreay site for a number of years. These reactors have all now closed, and UKAEA
activities on the Dounreay site are now concentrated on waste management, decommissioning
and environmental restoration.

2.1. Management and control programme for contaminated ground

Ongoing characterisation of on- and off-site contamination is being carried out at Dounreay as
part of the site's management and control programme for contaminated ground.

Although many investigation programmes were carried out in the past, the programme that
has been developed over the last three years is a more co-ordinated approach. This programme
was developed after an extensive surface survey of contamination on the site.

The approach involves:

— Characterisation of the contamination (radionuclides, location, area, depth, indication of
potential sources, potential pathways/migration);

— Sentencing and assessment;
— Actions and prioritisation of actions - which include:

— Further characterisation which can involve invasive core sampling and
characterisation of the contamination with depth;

— Monitoring (or additional monitoring);
— Containment measures;
— Restoration.

In prioritising the actions required to deal with the contamination a number of factors are
considered. These include:

— health risk to workers and to the public;
— potential to migrate (particularly off-site);
— radioactive decay over the period of institutional control;
— regulatory position;
— site development needs (e.g. particularly where contaminated ground has to be

excavated as part of a site construction project).

2.2. Characterisation and remediation

2.2.1. Surface contamination

Surface contamination is ascertained by "traditional" monitoring techniques using beta-
gamma handheld probes, and as at Harwell, systems using GPS linked to detector systems.

Much of the surface contamination on the site consists of small spots of elevated levels of
contamination - much of which is from diffuse or dispersed sources. When found, the first
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measure taken with these areas is to screen them off using physical barriers. As most of the
contamination in these areas is gamma emitting, it can be readily located during subsequent
investigation and is then removed. Once removed, the barriered area is monitored over a
period of 6-12 months to ensure no subsequent recontamination. If after this period there is no
evidence of re-contamination, the barrier is removed. In those cases where recontamination
occurs, the barrier remains in place and the area is further investigated to reassess potential
sources and any need for containment measures.

Initially 61 areas of contaminated ground were barriered off which totalled an area of
20,400°m2. After a year of phased remediation works 42 areas (13,978 m2) have been surface
remediated, monitored and have had the barriers removed. The majority of the remaining
barriered areas have contamination which extends to depth and a programme of further
investigation and assessment is in place to deal with it.

2.2.2. Contamination at depth

Not surprisingly, most of the contamination found at depth is associated with old drainage
systems. In many cases this contamination is found to be localised to the drainage system with
very little lateral migration. This is mainly along the path of disturbed ground which surrounds
the drain.

2.2.3. Characterisation of off-site radioactivity by aerial survey

To obtain a more comprehensive understanding of the radiological distribution and to
augment the conventional sampling programme, an aerial radiological survey was undertaken
in September 1998. The survey covered an area of approximately 130 km2 of ground around,
but not over-flying the Dounreay site.

The survey employed a gamma spectrometer utilising an array of sodium iodide detectors
mounted within a Squirrel helicopter. Flying height was 90 metres along flight lines spaced at
50 metres within 2 km of Dounreay and 100 metres 2 km beyond — amounting to a total of
1682 line km flown. The aircraft was positioned using a Global Positioning System (GPS)
with in-flight differential correction which provided aircraft position accuracy to ±5 m. The
purpose of the survey was to establish the distribution of 137Cs, 241Am and 60Co and in
addition the distribution of natural nuclides of potassium (K), uranium (U) and thorium (Th).

The instrumentation was calibrated by hovering at different altitudes over a large flat field
approximately 2 km east of Dounreay. Soil samples were taken from the field and analysed, as
found, for concentrations of K, U, Th and Cs which were then used to calibrate the
spectrometer. The activity levels are derived from data received by the detectors, averaged
over the resolution area and based on the wet weight samples taken from the top 20 cm of soil
in the calibration field.

Distribution maps of the concentrations of the radionuclides were produced. (In the cases of
uranium and thorium which do not emit gamma radiation, concentrations were obtained by
monitoring for daughter products, 214Bi and 208Tl respectively).

The aerial survey showed no measurable concentrations of 241Am or 60Co. The concentrations
of K, U and Th were found to be at natural levels expected from the rock and soil types
covered by the survey. Elevated levels of 137Cs above the general background of 30-50 Bq/kg
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were found in a few areas, notably in a valley 6-8 km Southeast of the site where a value of
397 Bq/kg was recorded. The pattern of the distribution indicates that this was almost
certainly an accumulation of activity arising from nuclear weapons testing and predominantly
the Chernobyl incident.

Along the coastline (maximum recorded level 130 Bq/kg), elevated activity levels are
probably due to site discharges via a sea to land transfer mechanism, hi addition, elevated
levels to the south and east of the site (maximum recorded level 125 Bq/kg) also probably
arise from site discharges to the air.

It was concluded from the aerial survey that the activity levels found around Dounreay were
consistent with known levels previously established through the environmental sampling
programme and are well below levels which represent significant risks to people or to the
environment.

2.3. Dounreay particles

A particular problem which exists on the Dounreay site and in the marine environment
adjacent to the site is the presence of small particles (~1 mm in dimensions) of irradiated
Materials Testing Reactor fuel.

Regular (fortnightly) surveys of the foreshore using conventional hand held gamma radiation
survey instruments have been carried out every two weeks since 1984 following the discovery
of a radioactive particle on the Dounreay foreshore in 1983. Since then, particles have been
recovered from the Dounreay foreshore at an average rate of around one per month. Since
1984, three such particles have also been found on the nearby public beach.

In terms of the total volumes of sand either at Dounreay or any of the public beaches, the
number of particles (which are typically the size of a grain of sand) is extremely small with
the estimated probability of any member of the public coming into contact being
correspondingly low. Nevertheless, the problem is taken very seriously both by UKAEA and
by the Regulators.

A programme of work is thus in place to:

— assess and characterise the particles in terms of their potential and behaviour in the
environment;

— model and predict their movement and erosion with time;
— assess the associated risks particularly with time;
— frequently monitor the foreshore and beaches.

hi recent times, the monitoring programme has been intensified with the introduction of
vehicle mounted gamma radiation detection instruments using GPS tracking.

As part of the characterisation programme, detailed offshore investigations have been
undertaken. As well as obtaining more detailed information on seabed topography, and current
and wave movements, seabed radiological surveys have been undertaken. This has involved
using specially adapted gamma detectors - one instrument tracking the seabed whilst being
towed from behind a boat, and another being operated on the seabed with divers. The former
instrument enabled large areas of the seabed to be surveyed so that anomalies could be
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followed up by the divers. 35 particles were recovered in 1997 and a further 89 particles in
1998. This intensified surveying programme has demonstrated the presence of a significant
population of particles in an area spreading to the north east from the location of the low level
liquid effluent outfall. Better estimates of the number in this area await further detailed
studies.

In addition, preliminary results using the towed gamma detector in deeper water indicate that
particle populations in those areas are very much lower than in the shallow waters.

Background anomalies, in the form of high counts, identified by the towed system have also
been investigated by divers and demonstrated to arise from naturally occurring radioactivity.

Completion of statistical analysis of the data from the towed detector will give more detailed
estimates of the numbers of particles in the offshore sediments.

3. SOIL TREATMENT TECHNIQUES

3.1. Soil washing tests

As part of its supporting R and D activities, UKAEA is undertaking a number studies to
ascertian the potential of particular remediation technologies to the treatment of contaminated
ground on its sites.

One particular technique being studied is volume reduction by soil washing. This programme
of work is being conducted at laboratory scale and also at pilot scale using the UKAEA Soil
Characterisation Pilot Plant facility based at Harwell.

Soil in

Mixing soil with
water and
removal of
coarse rock,
rubble, stones

>IO mm

200 litre mixer
tank

50 inm
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liydrocyclone\
D

1-10 mm 0
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mixer
tank

Removal of abraded
coatings from the
sands using 2-stage
hydrocycloning

©
S
©
Separation of fines from sands,
ami abrasion of sands to remove
outer contaminated surface
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FIG. 1. Pilot scale soil washing circuit.
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The type of soil washing being considered is one based on particle separation using equipment
from the mineral processing industry. The principle of the processes used is to remove those
particles which contain elevated levels of contamination from those that are contaminant
depleted using differences in grain size, settling velocity, abrasion and surface chemical
properties. Low Level Waste disposal is very expensive. Soil washing means that only those
fractions which have elevated levels of contamination require LLW disposal, instead of
disposing of all the soil. The contaminant-depleted fractions can then either be released for
more economic disposal, or if contamination levels are low enough, reused. Not all soils
behave in the same manner, therefore the tests have been carried out to determine
applicability.

Although called "soil washing" and being a "wet" process, the type of soil washing used
transfers very little of the contamination into the water (confirmed during both laboratory and
pilot scale tests). Initially laboratory tests were conducted on nine soils from three UKAEA
sites. Following these tests, an 800 kg sample of soil from one of the sites was treated at pilot
scale using the flow diagram illustrated in Figure 1.

3.2. Results from laboratory tests

Results from the tests showed that in nearly every soil examined, there is a marked elevation
in the contamination in the finest fractions compared to the coarser fractions. There was one
exception to this. In that particular soil, the distribution of the radionuclides with size was
erratic and this was suspected to be related to the morphology and mineralogy of the soil - it
being weathered chalk.

To assess the degree of contaminant-depletion in the coarser fractions, a comparison was
made of the ratio of the contamination in the original material to that in the coarse fractions.
This ratio is termed the "Decontamination Factor". No one "cut-off size was used for the
coarse fractions, rather a criteria based on the coarse fractions being 70% of the mass of the
total soil and thus the fines being 30% of the mass of the total soil. Results are as follows:

TABLE I. DECONTAMINATION FACTORS FOR
LABORATORY TEST SAMPLES

Nuclide

137Cs
90Sr

238p u

239Pu
241Pu

241Am
60Co

DF

1-7

1-3

1 - 2

1 - 5

1-5

1 - 5

4

No. of soils
analysed

9

6

3

5

6

3

1

Other than the poor preferential distribution of contaminants to the chalk-rich soil, there is no
other obvious trend which accounts for the variability of the DF with soil type, site type or
level of contamination in the original material.
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One of the soils examined had a very high proportion of material less than 0.038 mm (61% by
mass). Particles >2.0 mm in this soil showed a very marked depletion in 137Cs contamination
in particular. However the proportion of material in this fraction is only 4% by weight making
the volume reduction potential of this material poor.

Two soil samples were attrition scrubbed. From the limited attrition scrubbing tests carried
out, it was apparent that this additional process was effective in removing further
contamination from the sand and silt fractions. Thus, for the two soils that were attrition
scrubbed, there was a further 50% reduction in the levels of 137Cs, 90Sr, 241Pu and 60Co in the
sand and silt fractions.

3.3. Pilot scale tests

Pilot scale testwork was undertaken on 800 kg of soil from one of the sites. The circuit used
for the tests involved:

— mixing the soil with water to make a slurry using a cement mixer;
— sizing the particles in the slurry at 1 mm and 10 mm using a vibratory screen;
— removing the fines from the <1 mm material using a spiral classifier;
— attrition scrubbing the spiral classifier coarse product to abrade contaminants from the

outer surfaces;
— classifying the resulting scrubber product by hydrocycloning to separate the scrubbed

coarse product from the removed coatings. (The removed coatings then being fine
particles).

The material used was from a remedial action on the site where the restoration target was
4°Bq/g 137Cs. Tests were carried out on material >4 Bq/g 137Cs. Because the activity in the test
material received was lower than originally envisaged, it was relatively easy to reach the target
just by removal of the coarse material greater than 1 mm. This was 73% of the mass relative
to the original feed material (based on dry matter) and had a 137Cs content of 3.04 Bq/g. With
spiral classification, attrition scrubbing and hydrocycloning, 86% of the mass (based on dry
matter) was recovered as a clean product with a 137Cs content of 3.09 Bq/g.

By recalculating the activity balance around the circuit relative to the fractions <10 mm, it is
possible to assess the effects of processing a finer soil. Thus from a feed material (<10 mm) of
6.50 Bq/g Cs, processing by screening, classifying, scrubbing and hydrocycloning would
produce a clean fraction which is 70% of the mass (based on dry matter) which has a 137Cs
content of 2.89 Bq/g, and would therefore meet the 4 Bq/g target criterion.

Further recalculation of the activity balance shows that for an even finer soil, say equivalent to
the <1 mm fractions of the soil, then from a feed material of 9.38 Bq/g 137Cs, a contaminant
depleted product could be produced which is 47% of the mass (based on dry matter) and with
a 137Cs content of 3.35 Bq/g.

On work carried out so far, the economic viability of soil washing in support of site
restoration depends significantly on the volume of soil involved, and may beneficial if
volumes of 2000 — 5000 m3 are involved, provided the soil characteristics are favourable. One
factor that could therefore become important as part of the characterisation process is the
physical and chemical nature of the soil, since remediation options could be more favourable
for certain types of soil.
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One additional observation from the pilot scale operations was that the concentration of the
contamination measured in the field analysis was three times greater than that calculated for
the feed material derived by analysing the products and carrying out an activity balance. The
discrepancy between the field based measurement and that carried out on a large mass of soil
in the pilot plant has again highlighted the problems in assessing activity concentrations in
large volumes based on measurements made from small samples taken in the field.

Further studies are continuing on bulk quantities of soil which will involve the pilot
equipment for establishing a more reliable soil assay, particularly with respect to the
correlation of field assay methods to laboratory analysis. Further studies are also being carried
out for treatment on soils >40 Bq/g.

4. CONCLUSIONS

Work has been carried out within the Harwell and Dounreay sites of UKAEA towards the
restoration of contaminated land and for release of areas currently under regulatory control.
Work continues in developing a multi disciplinary approach to characterisation. The main area
where advances are most urgently required is in the development of techniques which allow
detection of below ground radiation.

Progress has been made in determining the presence of natural radioactivity for the purpose of
identifying background levels. Tight controls need to be placed on the analytical methods used
in characterising the contamination against natural background levels, particularly where
release from regulatory control is the final endpoint.

The development of soil treatment techniques may assist in the eventual clean up options for
some types of contaminants, and is also assisting in the understanding of how some
characterisation methods may overestimate contamination concentrations.

The advances made in the use of accurate radiation mapping using satellite global positioning
systems has been the major development during the period of the CRP. The refined use of
these techniques has enabled accurate pinpointing of contamination, providing greater
confidence in site restoration, and savings in terms of minimising the volumes of wastes
segregated for disposal. The development of these techniques has been the most important
area of collaboration from the CRP.
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