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Executive Summary

Depleted uranium (DU) ammunition has been testlfaethe Kirkcudbright Training Area
(KTA) since 1982. Routine environmental monitorings been carried out at KTA since
1980 to assess the extent of any environmental atngfathe firings on the terrestrial and
marine environments and any associated radiologsial

This report presents the findings of the terrelssiavey undertaken at KTA during 2008;
the marine survey is reported separately in ParfTBe survey was undertaken to monitor
the levels of uranium in the terrestrial environtessulting from operations on the site and
to identify the extent of any environmental tramgfeocesses.

None of the samples analysed were radioactive mithe meaning of the Radioactive
Substances Act 1993 (RSA93) nor did they exceedsireeralised Derived Limits (GDLS)
advised by the Health Protection Agency (formeHg National Radiological Protection
Board). Isotopic ratios indicate that low-level Mdntamination was detected in 2 grass
samples from the known areas of contamination edtions K3 (Raeberry Gun) and K4
(India Target), both of which are surrounded byearpeter fence. Soil samples collected
from location K5 (mid-point between Balig Gun anddia Target) also indicated the
presence of low-level DU contamination, althouglisistressed that the levels present are
very low.

Potential exposure pathways and doses to criticals, site personnel and members of the
public have been assessed and are deemed to geifinant compared to the local natural
background.
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Introduction

Depleted uranium (DU) ammunition has been testfia¢ the Kirkcudbright

Training Area (KTA) since 1982. Routine environrte@mmonitoring has been
carried out at KTA since 1980 to assess the exteany environmental impact of
the firings on the terrestrial and marine environteeand any associated
radiological risk [1-11].

This report presents the findings of the terrekstsizrvey undertaken at KTA
during 2008; the marine survey is reported seplgratePart 2 [12]. The survey
was undertaken to monitor the levels of uraniunthi& terrestrial environment
resulting from operations on the site and to idgnthe extent of any
environmental transfer processes.

The findings of a review of historic environmentabnitoring procedures were
reported in an independent assessment of the ffiigU projectiles at the KTA

(and Eskmeals) ranges in July 1995 [13]. Durin®6l9the environmental

monitoring programme for KTA was revised in linetlwthe recommendations of
that report and the 1996 DU Baseline Survey repdd] was published.

Environmental monitoring was undertaken in a cdastsmanner between 1996
and 2007.

Due to altered work activities at KTA (with only erbattery-target combination
now available for use and greatly reduced proaidiof DU munitions) the MOD
and the Scottish Environmental Protection AgendyR&) jointly agreed in 2007
that there should be greater emphasis on streameaeidsampling rather than soill
sampling. The current terrestrial monitoring peogme reflects this agreement
and consists principally of the collection and gs& of grass and stream
sediment/water samples, along with soil samplirayiad the active battery-target
combination. Further details are given in the 2Q@6itestrial environmental
survey report [11]. Animal indicator samples dsoaollected when available.

Background

The KTA range is located on the coast of Dumfriex gGalloway, near
Castle Douglas. In April 2006, the range became pf the Defence Training
Estate.

DU has been released into the environment at KTA asnsequence of the test
firing of DU ammunition during design and accuraggsessment trials. DU
projectiles are fired through soft vertical targetsd continue their trajectory
coming to rest in the Solway Firth.

Testing of projectiles historically has taken plaae five locations on the
Kirkcudbright range. Strength of design trials &enitially conducted at the
Raeberry range using prototype ammunition. Funeatity and accuracy trials

DSTL/TR37166 V1 Page 7 of 45
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were conducted until 2001 at the Balig and Door tdihges, whilst confirmatory
proving trials were carried out at the Silver Hibw range. In 2003, rounds were
fired from Challenger tanks placed at the Chapm@60lmetre firing point
towards India Target.

2.4 The current firing policy is to use the Balig Gumdalndia Target combination.
There was no DU firing at KTA between 2003 and 206V total of 20 rounds
were fired in 2008 as part of a routine surveillpcogramme to ensure the safety
and serviceability of the ammunition.

2.5 The number of DU rounds fired each year at KTA frtima five firing locations
and the cumulative mass of DU fired to date, aes@nted in Figure 1 and Figure
2 respectively.

2.6 DU penetrators do not fragment in air under norai@umstances. However, it
was inevitable that some malfunctions would ocaunirdy the early test firings.
Although the majority of malfunctioning penetratessll entered the Solway
Firth, a small proportion impacted on land and sdragmented on exiting the
gun barrel or in the early stage of flight. Thejonigy of these fragments still
entered the sea, but it is known that small quastibf particulate DU were
deposited at a few discrete locations in the léeakstrial environment. Most of
these locations are now fenced off, although theléeof DU present are below
regulatory concern. The recovery of misfired DUhgteators has been attempted
although in most cases penetrators are suspecteel horied at depth in the soill
and therefore it has not been possible to locatecmver them.

2.7 An extensive radiological survey was carried ou2002 using sensitive large
area radiation monitoring equipment. Whilst idBmtig the expected isolated
areas of low level DU contamination, the surveyvat levels of radioactivity in
most areas to be consistent with background lev€sher slight elevations in
radiation levels were found to be due to naturadlgurring radioactive material in
construction materials such as the granite chigpusgd on the roads [15].

Page 8 of 45 DSTL/TR37166 V1
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Figure 1. Number of DU projectiles fired from KTetween 1982 and 2008.
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Figure 2. Approximate cumulative mass of DU prdjes fired from KTA between 1982 and 2008.

DSTL/TR37166 V1 Page 9 of 45
UNCLASSIFIED



UNCLASSIFIED

3 Depleted Uranium (DU)

3.1 Uranium is a naturally occurring radioactive matkwhich exists mainly as three
isotopes: uranium-2383U), uranium-235 %) and uranium-2343*J). The
approximate mass composition of these isotopesasvis in Table 1. In the
environment, natural uranium normally exists inragpmate equilibrium with the
daughter products of the®U and?**U decay seriésin terms of radioactivity.
Together these isotopes emit a range of alpha a@ta particles along with
gamma radiation. The chemical toxicity of uraniisnapproximately equal to that
of lead.

3.2 Uranium in an 'enriched’ form is used as fuel iolear reactors. The enrichment
process amplifies the concentration’dlU (above 0.72%) in comparison to the
natural form. The by-product of this process ispigted’ uranium (DU), which
has a reduced concentration ©fU. Uranium-234 is also removed in the
depletion process; DU is consequently less radwathan natural uranium (the
specific alpha activity of the DU fired at Kirkcudipht being approximately
1.4 x 10 milli becquerels per gram (mBg/g) compared to x21®’ mBq/g for
natural uranium [16]). The mass compositions of Bl natural uranium are
presented in Table 1 below.

Form of Uranium 238 2y 234y
Natural uranium 99.274% 0.72% 0.00554%
The DU used at 0 0 0
Kirkcudbright 99.8% 0.20% 0.0008%

Table 1. Approximate mass compositions of uransmtopes in natural and depleted uranium.

3.3 As discussed in paragraph 3%2%U normally exists in approximate equilibrium
with 22U in the natural environment. In comparison, DUhibits a?3%U/?%U
activity ratio of between 7:1 and 8:1, dependanttioe degree of depletion
achievable by different methods of processing. sTdstinction is important in
differentiating DU contamination from naturally aecdgng uranium in the
terrestrial environment (see Section 4). For #reainder of this report, isotopic
ratios will be stated in terms of activity rathélah mass and as a single value
representing the ratio of becquerel$38b to 1 becquerel U (i.e. a®U/?U
ratio of 7 rather than 7:1).

! A radioactive decay series occurs when a heavypnadiide decays into successively lighter radioicles!.
For example?®®U decays t3*Th, then”**"Pa, therf*'U and so on until a stable element is reachR1f).

Page 10 of 45 DSTL/TR37166 V1
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4 Differentiating DU From Natural Uranium

4.1 The fundamental requirement of the DU environmemtahitoring programme is
to quantify the impact of DU firing. This is ached partly by measuring the
amount of total uranium in environmental materiatgl using this figure as an
upper bound of DU contamination levels. However,uaanium is present at
detectable levels in most environmental media, elerestimates the risk. More
sophisticated analyses involve the specific measene of>>*U and?**U isotopes
(by activity and/or mass). Although isotope measwets are used in this survey,
references to total uranium measurements are iedlddr consistency with
historic reports. The limitations of using totatamium concentrations are
discussed further in Annex A.

4.2 A convenient fingerprint marker for DU contaminatis the®*®U/?%U activity
ratio. The DU fired at KTA has &%U/*%U activity ratio of approximately 7,
whereas natural uranium in the environment typydadls an activity ratio close to
unity. Environmental samples are therefore analyseisotopes of**U and**U
to determine activity ratios and hence identify dhnigin of the uranium.

4.3 Substantial deposition of DU in the terrestrial iemwvment (in addition to an
existing natural uranium background) is requiredokee the “33U/2%U activity
ratio diverges significantly from its natural ratié\n illustration of the impact of
DU contamination on the isotopic ratio is givenAnnex B. For the ratio to
approach 7 in an analytical sample, the mass of Wauld have to be
approximately one hundred times the mass of thaiwma that is naturally
present. Hence, the lower the natural uranium ¢pacind, the lower the levels of
DU contamination that may be detected by isotopadysis.

4.4 Isotopic quantification is achieved by techniquaeshsas alpha spectrometry and
mass spectrometry. Alpha spectrometry can detactium to parts per billion,
which is equivalent to mBq per kg, or to lower Isvié count times are increased.
Mass spectrometry is more sensitive, but the loleeels detectable are of no
recognised health significance. Isotopic informatcan also be yielded from
gamma spectrometry analyses, although limits oba®n are not generally
sufficient for measurement of environmental levels.
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5 Reference Levels

5.1 The Depleted Uranium Firing Environmental Reviewn@aittee (DUFERC), on
which the MOD is represented, has agreed invegtigaiction levels for levels of
DU in soif. These are currently based on, and represent t fsawion of, the
Generalised Derived Limits (GDLs) advised by thealtte Protection Agency
(formerly the National Radiological Protection Bdgfi7] and the Schedule 1
activity concentration for uranium laid down in tRadioactive Substances Act

1993 (RSA93) [18].

GDLs for uranium were last ugdiin 2000 and were

referred to by the Royal Society in their studiéshe potential health effects of
using DU munitions [19]. The investigation/acti@avéls are set intentionally low
to ensure that any DU released into the environngeidentified before it can

accumulate to significant levels.

In particulactian levels are set to less than

10% of the level at which control would be requitealer RSA 93.

Activity concentration

Source Reference Level (MBa/g dry weight)
DUFERC Investigation Level 300
DUFERC Action Level 1,110
RSA 93 Leve_l at which regulatory control is 11,100
required.
NRPB (2000) Generalised Derived Limif>®U in well- 20,000
mixed soil
NRPB (2000) Generalised Derived Limit>®U in 400,000

freshwater sediment

Table 2. DUFERC investigation/action levels, RS/Aedule 1 activity concentrations and
Generalised Derived Limits for uranium in soil.

5.2 There are no DUFERC agreed investigation/actioelée¥or uranium in water
samples. The alpha spectrometry system deployddshHycan detect uranium in
water at levels down to about 10% of the World He#&rganisation’'s (WHO)
most restrictive recommendation for uranium levelslrinking water (2ug per
litre). This 10% level is commonly used as a @geg in occupational health

monitoring.

2 Soil in areas of contamination above the DUFERCedtigation or action level shall be managed in
accordance with the draft KTA Depleted Uranium Mgaeraent and Remediation Plan [20].
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6 Methodology

6.1 As discussed in Section One, the current surveyhodeiogy consists primarily
of the collection and analysis of grass and streadiment/water samples, along
with soil sampling around the active battery-targ@nbination. Animal indicator
samples are also collected when available and amwviental gamma dose rates
are recorded at each sampling location. Streammsat/water sample points are
located at areas where any potential contaminatolikely to leach from the
surrounding soil.

6.2 Full details of the methodology are provided in fokowing paragraphs. A list
of the soil, grass and faecal samples collectggven in Table 3. A list of stream
sediment and water samples collected is given bieTé

Terrestrial sampling sites

6.3 For each gun-target combination, sampling siteewblpsen in the vicinity of the
gun position; at the soft target stand; and at rthd-point of the range. In
addition, samples collected from the Gypsy Poirmtatmn were used for the
purpose of background comparison. Grass samples walected from all
locations whereas soil samples were only colledteth locations 4, 5 and 6
(Balig-India combination) and the background lomat(13). The 13 sampling
points are shown in Figure 3; the location namek @rdnance Survey of Great
Britain grid references are provided below:

1. Raeberry Target NX 70449 43744
2.  Raeberry Bunker Midpoint NX 70472 43836
3. Raeberry Gun NX 70521 43980
4. India Target NX 70631 43658
5. Balig Gun/Target waypoint NX 70964 44498
6. Balig Gun NX 71238 45452
7.  Zulu Gantry NX 71848 43548
8.  Mullock Farm NX 71188 44295
9.  Silver Hill (Low) Gun NX 70355 44851
10. Echo Target (Doon Hill) NX 72291 43807
11. Doonhill/Target waypoint NX 72096 45429
12. Doon Hill Gun NX 71904 46947
13. Gypsy Point NX 68676 43789
DSTL/TR37166 V1 Page 13 of 45
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Figure 3. Terrestrial sampling locations at KTA80 Note: red markers indicate grass sampling;
green markers indicate grass plus soil sampling.

6.4 At each sampling site, grass samples were collefteth three areas of
approximately 1 m2 in size located within 5 metoéseach other. Where the
grass was scarce or short; the sampling area wasased until the samples
obtained were of the requisite mass for laboratorglysis (greater than 200 g).
The grass was cut at a height of at least 2 cmeatie/ground to avoid including
soil in the sample. The type of grass collected e content of other plant
species varied from site to site. The 3 unwashedsgsamples from each site
were combined into one composite sample and ardalyg@lpha spectrometry.

6.5 Soil samples were collected as undisturbed cords8¢€&m diameter and up to 30
cm in depth from the centre of each of the thre@ fmass sampling areas. Each
soil core was divided into sub-samples of two deptérvals (0-2 cm and 2-5 cm)
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in the laboratory and portions of the three subgamfrom each point combined
to create one composite sample for each depthvait@-2 cm and 2-5 cm). This
system yielded a total of 8 composite samples ftben4 soil sample locations.
These were analysed by alpha spectrometry to pgamidrmation on distribution

with depth and hence give an indication of the nitybof any surface deposited
DU.

6.6 At each grass sampling area, gamma dose ratesdesved from measurements
taken using a Mini-Instruments 6-80 (compensatedj&eMuller tube) set up at
1 m above the ground and allowed to record oveersoog of 300 seconds. A
mean gamma dose rate was calculated from threleatpmeasurements.

6.7 Where available, samples of animal faeces (e.g., dabkbit, fox, badger, sheep
and cattle) were collected close to the samplitgssi Only fresh samples were
collected, taking care to minimise the amount ofl sw grass that could
inadvertently be sampled at the same time. Rabbppings were collected until
enough material had been sampled; making one catapsample for that
location. These samples were analysed by alplarspeetry.

6.8 Deer culling takes place regularly on the rangenemage the deer population.
Following recommendations to extend the monitoriiog include biological
samples from wild animals that roam on the KTA,nag samples (and liver
samples in 2008) were collected from two culledrae008. Both animals were
less than 2 years old. The samples were analysatpba spectrometry.

Stream sediment and water sampling

6.9 Stream sediment was collected at fifteen locatiooi streams that collect run-
off water from the soil surface of the range. &tnewvater samples were collected
at five locations. The Ordnance Survey of GreataBrigrid references for the
fifteen stream sediment and water sampling sitesl s 2008 are given below.
The exact position of the sampling sites changgbts} from year to year due to
changing stream conditions and access. The losatce shown on a map of the
site in Figure 4.

Stream sediments sampling grid references:

S1.  Burnfoot Bridge NX 74205 44583

S2.  Netherlaw Wood NX 74165 44638
S3. Netherlaw Burn, NX 73438 44779
S4. Quatercake Burn NX 72326 44363
S5.  Quatercake Burn NX 71804 43917
S6. Brandy Burn NX 71264 44145

S7. Dunrod & Overlaw Burns NX 70820 43732
S8. Dunrod Burn NX 70958 44825

S9. Dunrod Burn NX 71062 45536

S10. Ring Burn NX 71137 45948

S11. Overlaw Burn NX 71167 44843

S12. Overlaw Burn NX 72124 46277

S13. Overlaw Burn NX 72514 46942

DSTL/TR37166 V1
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Balmae Burn
Balmae Burn

NX 69138 44651
NX 68556 43890

Stream water sampling grid references:

W1. Abbey Burn NX 74209 44611

W2. Netherlaw Burn NX 74202 44594

W3. Balmae Burn(Gypsy Point)NX 68556 43890

W4. Dunrod & Overlaw Burns NX 70820 43732

W5. Quartercake Burn NX 71804 43917
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Figure 4. Stream sampling locations - KTA 2008ote: circular markings denote sediment sampling;
square markings denote both sedinsrd water sampling.

6.10

Stream sediment was collected from below the watesre possible. Care was

taken to sample undisturbed sediments which hatbeen disturbed by cattle, for
example. The top layer of the sediment (up to Sdepth) was collected and any

large stones were removed. Sample size ranged @rdnto 0.8 litres.

sediment samples were analysed by alpha spectypmetr

6.11

The

Five water samples (0.5 litre) were collected framttercourses that run through

the range. Samples were collected at accessib#&tidns along the stream (e.g.
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from bridges and easily accessible banks). To venamy suspended sediment,
the water was filtered through a Whatman filter grapsing a funnel previously
rinsed in stream water into a rinsed sample botBeth the water and the filter
paper were analysed by alpha spectrometry.

Sample Descriptors

6.12 Each sample was given a unique sample descripidrose samples collected
from specific sites (e.g. grass samples) were gavgmefix such as K5 ('K’ for
Kirkcudbright followed by the location number). i$tprefix was followed by ‘S’
for soil sample; a ‘G’ for grass samples or theetgp faecal sample. Soil samples
were also denoted with a ‘U’ or a ‘L’ for the uppand lower soil horizon
composite samples respectively. Deer kidney (aret kamples this year) were
simply named ‘Deer kidney (a) or (b) and wateriseght samples were given
descriptors such as W3 and S13 respectively. Seramples of sample
descriptors are provided below:

K5/S/U . Composite soil sample, upper horizonleztéed from location 5.
K8/G : Composite grass sample collected from iocad

K3 rabbit : Rabbit faecal samples collected fracation 3

w2 : Water sample collected from water sampletiooa2

S12: Stream sediment sample collected from stieaation 12

Sample preparation and laboratory analysis

6.13 The samples were prepared and analysed by alpba@petry in the Dstl UKAS
accredited radiochemistry laboratory following theocedure adopted for the
analysis of the terrestrial samples during the 1888eline Survey [14]. An
outline of the approach is given below.

6.14 The solid samples (soil, grass, animal faeces, kidaeys (and deer livers for this
year’s survey)) were dried to remove moisture amdghed (with results being
reported as dry weight). The samples were asheehtove organic material and
homogenised. During these processes, the lossaofwn from the sample is
deemed to be insignificant. The ashed samples Wweiled in concentrated
mineral acid (nitric acid and hydrochloric acid) temove the ‘loose’ and
leachable uranium from the sample. Recalcitrarttioes such as mineral grains
were not broken down by the process and henceatatxanium bound up within
them was not removed. The samples were filteredetoove solids. Water
samples of 250 ml were boiled down to approximal€@ ml and acidified.

6.15 Uranium separation was carried out by extractioromiatography. Each eluted
sample was electro-deposited onto a stainless glaethette and the activity of
each planchette was counted in a low backgrounbaagpectrometer with a
silicon surface barrier.

6.16 Uranium activity concentrations are reported in fgB¢equivalent to Bg/kg) of
dry weight for soils, grass and biological indiagatand mBg/l for water samples.

DSTL/TR37166 V1 Page 17 of 45
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Results and Interpretation

A summary of the results for all terrestrial samsptmllected in 2008 is given
below in Table 3. The full terrestrial monitoringsults are provided in Tables 6
to 13 in Section 12. Historical monitoring resutis the KTA for the years 1996

to 2008 are presented in Appendix A.

It should be noted that the summary below is predids an overview of the data
collected. Given that the samples were generaligcsed from specific areas of
known contamination, the mean values should notie&ed as an indicator of

average uranium concentrations across the KTAvesode.

S % Number of Total uranium concentration (mBg/g or mBq/In
o | samples
Sample type -g £ | containing Standard
S (3 | detectable] Mean | deviation of| \inimum | Maximum
< DU3 the mean
Soil upper 1 76 52.9 35.3 152.2
Soil lower 1 108 141.1 34.0 319.6
Grass 13 2 0.4 0.4 0.1 15
Water 5 0 4.7 1.6 2.7 6.4
Stream sediment 15 0 29.3 5.8 16.4 38.5
Faeces (Sheep 1 0 7.4 - 7.4 7.4
Faeces (Rabbit) 3 0 1.1 0.4 0.7 1.4
Faeces (Cow) 4 0 1.1 0.3 0.9 1.5
Faeces (Deer) 1 0 0.5 - 0.5 0.5
Kidney (Deer) 2 0 0.1 0.02 0.1 0.1
Liver (Deer) 2 0 0.1 0.02 0.1 0.1

Table 3. Summary of sample analyses - KTA 2008.

Grass sample analysis

Alpha spectrometry results for grass samples apevishn Table 6. The activity
concentration of total uranium ranges from 0.1 * @Bqg/g to 1.5 + 0.2 mBq/g.
This range lies within the typical values statediterature (0.2 to 3.8 mBqg/qg)

[20].

® Samples are reported as containing detectable DtHeifratio of?*%U to *'U (after subtraction of the
associated uncertainty to give the 95% confideagel) is greater than 1.0 for soil, grass and béaraples.
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7.4 The activity concentration found at the backgrositd (Gypsy Point - K13) was
0.2 + 0.1 mBqg/g. Grass samples from six locatiadibited activity
concentrations in excess of at least twice thikdpazind level:

. Raeberry Gun (K3) : 0.6 £ 0.1 mBqg/g

. India Target (K4) : 1.5 + 0.2 mBqg/g

. Balig Gun (K6) : 0.7 £ 0.2 mBqg/g

. Zulu Gantry (K7) : 0.4 £ 0.1 mBqg/g

. Mid-point between 7 & 9 (K8) : 1.0 £ 0.2 mBq/g

. Mid-point between 10 & 12 (K11) : 0.5 £ 0.1 mBq/g

7.5 Only two of these samples showed isotopic ratidgative of DU contamination:
K3 (Raeberry Gun) and K4 (India Target). Isotopadues of grass samples are

discussed further in Section 8.

Soil sample analysis

7.6 Alpha spectrometry results for soil samples aresshim Table 7. The levels of
total uranium found at the background location (Ki&re 34.0 + 3.4 mBqg/g
(lower) and 70.1 £ 6.7 mBqg/g (uppgr) The quantities of uranium found in the
soil from K4 and K6 were consistent with this backgqd level. However,
sample location K5 (mid-point between Balig Gun dndia Target) showed
levels of total uranium of 152.2 + 15.0 mBqg/g (uppend 319.6 + 31.7 mBqg/g
(lower). Isotopic ratios indicate that the contaation is likely to be due to DU,
as discussed further in Section 8. The highesl lesas found at the lower soil
horizon suggesting that the contamination is duBlbfiring in the past, rather
than more recent operations on site.

7.7 Although the level of total uranium in the lowerilsbaction at K5 exceeds the
DUFERC Investigation level of 300 mBq/g, it is emaglsed that the material is
below the level of regulatory concern (RSA93 Schedulimit of 11,100 mBqg/g)
and that the amount 6f®U equates to approximately 1% of the relevant GDL.
The area will be managed in accordance with the KJA Management and
Remediation Plan [20].

Animal indicator sample analysis

7.8 Alpha spectrometry results for faecal samples agwt @idney/liver samples are
shown in Tables 8 and 9 respectively. No DU waeated. The highest total
uranium level was 7.4 = 0.8 mBqg/g in one sheepdhasample. This result is

* Soil minerals containing uranium are widely digitbed on the surface of the Earth’s crust and the
concentrations of natural uranium in the terrekteiavironment can vary significantly between looas.
Consequently, there is no single definitive refeeelevel for natural uranium in soils. Howevegrthis broad
agreement in the range of values published initbeature: typical values in the UK range from StbmBqg/g
wet weight, but concentrations of up to 100 tinfestypical range can be found in some locations.
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similar to that found in a sheep faecal samplehi@ 2007 survey. The total
uranium content of all other samples ranged front0.1.5 mBqg/g with isotopic
ratios consistent with natural uranium.

7.9 No isotopes of uranium were detected in the desmeii/liver samples above the
limit of detection of 0.1 mBq/g for alpha spectrdrnge In comparison, the GDL
for offal is 1000 mBq/g fof*U.

Stream water sample analysis

7.10 Alpha spectrometry results for stream water aridrfppaper samples are presented
in Table 10 and 11 respectively. The levels adltatanium in water ranged from
2.7 £ 2.2 mBqg/l to 6.4 £ 4.7 mBqg/l. These levele well below the previously
mentioned WHO limit of 2ug/l for uranium which equates to approximately 30
mBg/l. Uranium isotopes were not detected abowe ltmits of detection;
meaning that isotopic ratios could not subsequédrglyalculated. Total uranium
levels in the associated filter papers analyseddtdexceed 1 mBqg/g.

Stream sediment sample analysis

7.11 Alpha spectrometry results for stream sedimentpegsented in Table 12. Total
uranium activity concentrations ranged from 16.2.9 to 38.5 + 4.0 mBq/g,
which is consistent with the levels found in premoyears. Isotopic ratios are
indicative of natural uranium and the total uranioontent represents less than
0.01% of the GDL for freshwater sediment of 400,6t8q/g [17].

Environmental dose rate measurements

7.12 Environmental gamma dose rate measurements recdidedy 2008 are shown
in Table 13. The results are consistent with theckround radiation
measurement recorded at Gypsy Point as well as uresaents recorded in
previous surveys.
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8 Interpretation of Soil and Grass Isotopic Ratios

8.1 This section provides an assessment of 4f&/**U isotopic ratios within
samples to ascertain the degree of depletion amtteh¢he extent of DU
contamination. Further discussion on the useatbsc ratios to differentiate DU
from natural uranium is given in Section 4. Arudfration of the impact of
increasing the DU mass in a sample on the isot@pic is provided in Annex B.

8.2 Provided below are graphical interpretations ofsgrand soil isotopic ratios
together with an explanation of the findings. As DU was detected, i.e. no
isotopic ratios significantly above unity were itiiad for other sampling media,
graphs for animal indicators and stream sedimetgfvsgamples are omitted.

Isotopic ratios in grass samples

8.3 A graphical summary of the isotopic ratios for grass samples collected in 2008
is provided in Figure 5. Where no isotopic valsehown in the graph, uranium
isotopes have not been detected above the limdstettion.

8.4 Grass samples witi*®U/?%U isotopic ratios of greater than 1 (within the
analytical limits of uncertainty) were found at gaenlocations K3 (Raeberry Gun
position) and K4 (India Target area). These figdiare consistent with those of
previous surveys. The total levels of uraniumspre still lie within the typical
natural background range of 0.2 to 3.8 mBq/g statdtie literature [21]. They
are also well below the GDL of 20 Bg/g for sea-wakpasture [17].

Isotopic ratios in soil samples

8.5 A graphical summary of the isotopic ratios for gwl samples analysed in 2008
is shown in Figure 6. Soil samples recovered frogation K5 (mid-point
between Balig Gun and India Target) exhibited dieddevels of total uranium
with isotopic ratios which indicate that the contaation is due to DU. The
isotopic ratio of the upper and lower soil fracBomere 4.1 + 0.7 and 5.3 + 0.9
respectively.

8.6 All other isotopic ratios found in soil samples ganfrom 0.9 to 1.1 and are
therefore indicative of natural uranium.

DSTL/TR37166 V1 Page 21 of 45
UNCLASSIFIED



UNCLASSIFIED

Grass Sample Isotopic Ratios - KTA 2008
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Figure 5. Grass samples: isotopic ratios fromalgbectrometry analysis - KTA 2008.

Soil Sample Isotopic Ratios - KTA 2008
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Figure 6. Soil samples: isotopic ratios from algpactrometry analysis - KTA 2008.
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9 Evaluation of Potential Exposure Pathways

9.1 Any contamination of the terrestrial environmenthADU results in five potential
exposure pathways for humans, as described below:

* External radiation exposure from contaminated \egg®t and soil or from
DU fragments;

e Inhalation of DU contamination released into the @i re-suspended from
vegetation, soil or sediment;

* Ingestion of crops or animal products from DU comtaated pasture or soil;
* Ingestion of DU contaminated water from streams;

* (Inadvertent) ingestion of DU contaminated soisediment.

9.2 As discussed in Section 7, the total uranium agtivesults for all samples
represented a fraction of the relevant GDLs and W@ for drinking water.
Therefore, any associated radiation doses are dkémnée insignificant. For
completeness, the potential doses from the hidgeest of uranium found in grass
and soil samples are considered below, togethen witmore general dose
assessment for the range as a whole.

External radiation exposure

9.3 Environmental gamma dose rates recorded acrosKi#e during 2008 are
consistent with natural background radiation. Tikislso the case where low
levels of DU contamination have been found (e.doeation K5) and indicates
that there is no increased risk from external exposgelated to DU at KTA.

Inhalation of re-suspended DU

9.4 DU that has been deposited on soil, river sedinaguot vegetation may be re-
suspended into the air and subsequently inhaladmye staff or members of the
public. The levels of DU found in soil during Z@are well below the GDL for
well-mixed soil (20,000 mBg/g) which itself relatés a Committed Effective
Dose of 1 mSv. This is the current UK annual daosé for a member of the
public. The potential doses relating to this comtetion are not, therefore,
deemed to be significant.

9.5 The level of total uranium found in soil at K5 wa$9.6 + 31.7 mBg/g (at 2to 5
cm depth). The hazard associated with re-suspebdedould be greatest during
intrusive work which may take place on site (exgawation). Using pessimistic
assumptions, approximate doses due to inhalat®rcalculated to be between 20
and 50uSv Committed Effective Dose. This is well belove thmSv annual dose
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limit mentioned above. Furthermore, no intrusivarkvis known to take place in
the area so exposure through this pathway doegsraséntly exist.

Ingestion of DU contaminated foodstuffs

No agricultural crops intended for human consunmmptoe grown on the range
[13] so the potential exposure route involving itgestion of contaminated crops
need not be considered. However, as a small nuoifbeattle, sheep and deer
graze on the range, consideration must be givethéoexposure pathway of
ingestion of animal products derived from contartedasoil or pasture. It should
be noted, however, that the known areas of contioim on site are enclosed
within fenced areas so any potential dose estimedpgsesent a worst case
scenario.

Reference [22] states that the equilibrium sotblent transfer ratio for pasture is
1x10° for uranium. Given that the highest level of uuam found in soil during
the survey was 319.6 = 31.7 mBqg/g, this would iatkan approximate maximum
uranium level in grass of 0.3 mBg/g (wet weighligher levels of uranium of up
to 1.5 £ 0.2 mBg/g were found in grass collectedrduthis survey. However, it
is possible that the uranium detected could betduexternal contamination or
small amounts of soil attached to the grass rdtiaer uranium taken up from the
soil itself. The important point is that even thighest contamination levels
identified represent only a small fraction of tleerwant GDLs (which consider
doses due to ingestion). Furthermore, DU contatainas only present in small
areas which are widely separated. The degreeanéfgr to animal products is
therefore deemed to be negligible and the factribddU was detected in the deer
kidneys/liver provides further support for this carsion.

Wild rabbits, pheasants and deer that feed andegz the range may
occasionally be consumed. As mentioned above,idi&s been detected in deer
kidney/liver samples above the limit of detectiahe( GDL for offal is 1Bg/g).
Analysis of faecal samples has been used histtyitalgive an indication of the
potential contamination of these wild animals. Heer, it should be noted that
this can only be an approximation as the DU mayehsen transferred from soll
or grass on the surface on the faeces rather thiaug la constituent of the faecal
material. However, the uranium detected in faseahples in this survey was
found to be of natural origin rather than due to.DUnis is consistent with the
findings of previous years in which it was conclddbat any potential exposures
would be negligible.

Ingestion of DU contaminated water from streams

The surface water samples collected in this sunyained no detectable DU
contamination. In all cases the total uranium eoti@tion was towards the lower
end of what is found naturally and the highest ltesas approximately six times
lower than the WHO limit for drinking water mentexch previously. Furthermore,
the Burns are not known as a drinking water soar@eregular consumption by a
single individual or group is not considered plaiesi It is concluded that any
radiation dose received via the theoretical congiompof DU contaminated
surface water is insignificant.

UNCLASSIFIED
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Ingestion of DU contaminated soil or stream sedimen

9.10 While this survey has identified one area of DU teamnation in soil which
exceeds the DUFERC investigation level, this isiefhealth significance as the
level found is well below the GDL for well-mixed iso Furthermore, the
likelihood of this exposure pathway occurring imsidered to be very low as
there are no routine intrusive ground-works whicaynmadvertently lead to the
ingestion of contaminated soil. No DU was deteateahy stream sediment.

Radiation exposure to critical group

9.11 Using local knowledge of the range, two groups ebgle are deemed to
constitute critical groups for the potential radgical doses associated with DU
released into the KTA terrestrial environment.

9.12 Workers employed to inspect and maintain the bognd@nce on the firing
ranges are likely to be at most risk because of tlegular presence on the site.
They form a critical group whose main exposure wathis likely to be via
inhalation of re-suspended DU contamination fronh @ovegetation. Based on
the findings of this report, their potential worksise dose is considered to be
minor.

9.13 Local inhabitants that have access to venison @t ffinem the wild animals that
roam on the range constitute the other criticaugroThe results of this year’s
survey are consistent with those of previous yeakghich it was concluded that
any potential exposures to either group would kegmficant.
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Conclusions

The 2008 Kirkcudbright terrestrial monitoring pragrme was undertaken to
assess the levels of DU in the environment reguftiom firing of DU munitions.
The monitoring programme consisted principallyla# tollection and analysis of
grass and stream sediment/water samples, along swithand grass sampling
around the active battery-target combination. Aalimdicator samples were also
collected.

Stream water and sediment samples were found ttaicotevels of uranium
consistent with natural background levels. Isatoptios also indicate that this is
due to natural uranium rather than DU resultingrff@ring on the site.

Isotopic ratios indicate that DU contamination veetected in 2 grass samples
from locations K3 (Raeberry Gun) and K4 (India Tejg The levels of total
uranium were 0.6 £ 0.1 and 1.5 + 0.2 mBq/g respelsti This is elevated above
the background level recorded at Gypsy Point, lbeg Within the range of
common UK values reported in the literature (0.23t8 mBq/g)[20]. These
results are not unexpected as the samples weeetm|from known fenced areas
of low level DU contamination, as reported in poas survey reports [1-11].
While some other grass samples showed levels afiwmain excess of the
background level, isotopic ratios indicate thatuh&nium is natural in origin.

Soil samples collected from location K5 (mid-pdogtween Balig Gun and India
Target) showed levels of total uranium of 152.250ImBqg/g (upper) and 319.6 £
31.7 mBqg/g (lower). This level of uranium is sifgeantly higher than the level
recorded at the background location and isotopitogaindicate that the
contamination is likely to be due to DU. Howeueérs emphasised that the levels
represent an insignificant health risk and arebigow the GDL for well-mixed
soil and the RSA93 Schedule 1 limit.

Potential exposure pathways and doses to criticalipgs, site personnel and
members of the public have been assessed and emedeto be insignificant
compared to the local natural background and censig the known ongoing use
of the site.
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12 KTA Terrestrial Survey Results

Sample Sample type and number of samples

station _ Animal indicators Environmental dose rates

number Soll Grass (faeces)
K1 x 1 1 J
K2 x 1 x v
K3 x 1 1 v
K4 1 1 1 %
K5 1 1 x %
K6 1 1 1 %
K7 x 1 1 J
K8 x 1 1 v
K9 x 1 x %
K10 x 1 1 %
K11 x 1 1 %
K12 x 1 x v
K13 1 1 1 %

Table 4. Summary of soil, grass and animal indicaamples collected - KTA 2008.
Note: x denotes sample not collected.

Sediment sample | Water sample
number number Location name Burn
S1 W1 & W2 Burnfoot Bridge Abbey and Netherlayv
S2 x Netherlaw Wood Netherlaw
S3 x Cross roads Netherlaw
S4 x Craigrapploch Quatercake
S5 W5 Downstream Quatercake
S6 x Mullock Farm Brandy
S7 W4 Mullock Bay Dunrod and Overlaw
S8 x Upstream Dunrod
S9 x Balig Gun turn off Dunrod
S10 x Dunrod Mill gate Ring
S11 x Overlaw Burn Overlaw
S12 x Bailey Bridge Overlaw
S13 x EM Gun Overlaw
S14 x Gypsy Barrier Balmae
S15 W3 Gypsy Point Balmae
Table 5. Summary of stream sediment and water kesnapllected - KTA 2008.
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o 5 % = E, Measured activity of dry sample (mBq/q)
12 | BT ey
g3 = i e U 23y el Total U ratio
“3 o |5 |5
L <
K01 129.7 |500] 35 [ 01 + 00 < 0101 + 00 o2 + 0109 + 07
o2 169.6 |655| 42 | 01 + 01 < 0101 + 00fo02 + 0120 + 14
ko3 1686|621/ 3705 + 01]01 + 0001 + 00]o6 + 01[70 * 15
ko4 1265 |616] 46 | 1.3 + 0.2 < 00]o02 + 0115 + 02[63 + 21
los 182.6 | 77.8| 4.7 < 00 < 0001 + 0001 + 00][NA
los 296.1 |47.8] 6.0 | 04 + 01 < 0103 + 01f 07 + 0214 + 07
o7 121.8 | 60.4 | 4.9 < 01 < 0103 + 0104 + 01]nNA
lkos 1214|508 5.1 | 05 + 0.2 < 0104 + 0110 + 0212 + 05
koo 1226 | 65.5| 3.7 < 01 < 01 < 0101 + 01NA
l1o 115.1 736 30 [ 01 + 00 < 00[o01 + 00 o1 + 0009 + 07
11 1333|612 57 [ 02 + 01 < 0102 + 0105 + 0110 + 05
k12 083.3 | 49.4| 4.0 < 01 < 01 < 0101 + 01NA
k13 230.4 |55.3| 4.7 < 01 < 01 < 01]02 + 01NA
Table 6. Grass samples: alpha spectrometry reshdtsing total uranium and isotopic ratios - KTA 800
w5 % % % Measured activity of dry sample (mBq/qg) o
=2 |23|tazg U
< & S 1298 2 23y 234 Total U ratio
28 | e |5 |5
Lo <
K4/S/U 133.0 |345]284/166 + 23|07 + 03[180 + 25[ 353 + 3409 * 0.2
l/assiL 266.5 |40.6/343]200 + 2707 + 03[203 + 28] 410 + 3910 * 02
ls/su 1235 [30.8]246/121.0 + 145] 20 + 05292 + 38|1522 + 15041 + 07
lks/siL 2125 |46.0]39.0[266.2 + 31.0] 35 + 07[500 + 6.2 3196 + 31.7]53 + 09
le/s/u 159.7 |31.4]26.9]231 + 37 < 10226 + 37463 + 53|10 + 02
le/siL 244.4 |45.4|404]194 + 26|07 + 03171 + 24372 + 36|11 + 02
lk13/s/u 117.0 |235]165)363 + 49|18 + 06321 + 44| 701 + 6711 + 02
lk13/s/L 207.6 |40.1|325[159 + 23|08 + 03173 + 25340 + 3409 + 02

Table 7. Soil samples: alpha spectrometry reshitsvgg total uranium and isotopic ratios — KTA 2008
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- E@ = % Measured activity of dry sample (mBq/qg)
o O o=
=i 0 2 |2 2385234
€5 CIEIC G :
52 |5=|2787 U 2y 24y TotalU | ratio
n % @ - <
r |©@ (£
K6 Cow 2211412 32|03 + 0.1 < 0105 + 0209 + 0206 + 03
K7 Cow 158.2 {26.2| 3.9 | 0.6 + 0.2 < 0106 + 02]12 + 0209 + 04
K8 Cow 186.0 [32.2| 51 | 04 + 0.1 < 0106 + 0110 + 0208 + 03
K10 Cow 191.7 ({322| 41| 06 + 0.4 < 0508 + 0415 + 0608 + 06
K1 Rabbit 372 | 88| 0703 + 02 < 02]03 + 02]07 *+ 0209 + 07
K4 Rabbit 31.7 | 99| 08 | 07 + 03 < 0206 + 0214 + 0412 + 06
K13 Rabbit 82.1 [11.0] 12 | 06 * 0.3 < 03[06 + 03[12 + 0410 + 06
K3 Deer 476 | 7.1 | 0.7 < 03 < 03 < 03]05 + 0.2][NA
K11 Sheep 150.2 |46.0| 174 3.6 *+ 0.6 < 01]37 + 06|74 + 0810 + 02
Table 8. Animal indicators (faeces): alpha spenty results showing total uranium and isotoptoe— KTA 2008.
g % C % Measured activity of dry sample (mBq/g)
o O = - =
= S (]
22 |24 5|55 28234y
52 |57 23T U &y 234y TotalU | ratio
o Q <
o = > o
Deer Kidney (a) 48.3 | 12.5| 0.6 < 0.3 < 02 < 0201 + 01|NA
Deer Kidney (b) 46.7 | 12.7| 0.6 < 04 < 0.2 < 0301 * 01]|NA
Deer Liver (a) [250.8| 55.7 | 3.6 < 01 < 01 < 01] 01 + 00]|NA
Deer Liver (b) |246.7| 45.7 | 2.1 < 0.3 < 0.2 < 02] 01 * o0a]NA
Table 9. Animal indicators (deer kidneys and Isjealpha spectrometry results showing total unaréund isotopic ratios —
KTA 2008.
Measured activity of dry sample (mBg/l)
Sample 238U/ ratio
descriptor 28 2 el Total U
Wi < 10.0 < 10.0 < 100 60 £ 45 N/A
W2 < 73 < 73 < 73| 38 £ 31 N/A
W3 < 55 < 55 < 55| 44 + 29 N/A
W4 < 51 < 51 < 51| 27 + 22 N/A
W5 < 10.0 < 10.0 < 100] 64 £ 47 N/A

Table 10. Water samples: alpha spectrometry eshtiwing total uranium and isotopic ratios — KT303.
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Measured activit

of dry sample (mBq/q)

o S
o O
£ = 238234y ratio
T @ 238 2y 234y Total U
n o

©
w1 < 1.0 < 1.0 < 1.0 09 + 0.5 N/A
W2 < 1.0 < 1.0 < 1.0 05 + 0.4 N/A
W3 < 1.0 < 1.0 < 10 08 + 0.5 N/A
W4 < 1.0 < 1.0 < 10 05 + 0.4 N/A
W5 < 09 < 0.9 < 0.9 09 + 0.5 N/A

Table 11. Water samples (filter paper analysighaspectrometry results showing total uraniumiaatbpic
ratios - KTA 2008.

L5 % = E,, Measured activity of dry sample (mBg/g)

E.Ej_ (@3] . .QA g ] 238U/234U

S E =) gg-c Z 23 23 23 i

g a 2 > |2 U U U Total U ratio
S1 306.7 |87.0|85.0[ 116 + 1705 + 02[135 + 19256 + 26[ 09 =+ 02
S2 360.2 |85.4|829[162 + 3.0 < 11]135 + 26300 + 4012 + 03
S3 359.2 |88.1]84.8]152 + 23|07 + 03[165 + 25[324 + 34[09 =+ 02
S4 350.9 |56.3|52.1]147 + 22|08 + 03[164 + 24319 + 32[09 =+ 02
S5 2331407368163 + 2509 + 04185 + 27|36 + 37[09 =+ 02
S6 1936 | 28.6 | 247142 + 21] 05 + 03155 + 22 [302 + 31[09 + 02
s7 340.4 |78.4|749| 74 + 1304 + 02]86 + 15[164 + 20[09 =+ 02
S8 367.7 |82.1|79.2[153 + 35 < 15[123 + 30281 + 4613 + 04
S9 287.4 |50.7 | 474|124 + 1907 + 03[145 + 211|277 + 29|09 =+ 02
S10 373.2|70.8|67.1]105 + 1.6 < 03115 + 17222 + 2409 + 02
S11 273.0|48.1|441]123 + 1906 + 03[149 =+ 222|278 + 29|08 =+ 02
S12 2927 (41.6(379]187 + 2808 + 041901 + 29385 + 40|10 =+ 02
S13 232.9|47.9|425]155 + 2209 + 03[197 + 27[361 + 35[08 =+ 02
S14 1445 [299|249(136 + 21] 08 + 03170 + 25314 + 33 [ 08 + 0.2
S15 2615(49.7|451]119 + 17|05 + 02128 + 18[252 + 25[09 =+ 02

Table 12. Stream sediments:

alpha spectrometajtseshowing total uranium and isotopic ratios -42008.

Note (for Tables 5 to 11)Activity results have been rounded to 1 decimat@laAll uncertainties are stated at a
95% confidence level. Limits of Detection (LOD) a&culated by a 'modified Currie' formtilat 95%. The total
activity is calculated from the sum of the actueti\aties for each isotope, regardless of the LQidted for that
isotope. Therefore, where activities are repodedess than LOD for any of the uranium isotophbs, tbtal
uranium value may not be equal to the sum of tliévidual isotopic values. Where the isotopic atis are
below the LOD for more than one isotope, the tatdivity and the isotopic ratios could not be ctdted and are

reported as n/a.

5 Hurtgen C, Jerome S, Woods M. (2000) ‘Revisitingr@urhow low can you goApplied Radiation and Isotop&8 pp
45-50
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nslfrir?t;)enr Location Average dose rate (nGy/h) (n = 3)
1 Raeberry Target 91
2 Raeberry Bunker 116
3 Raeberry Gun 102
4 India Target 20
5 Balig Gun/Target waypoint 91
6 Balig Gun 91
7 Zulu Gantry 86
8 Mullock Farm 87
9 Silver Hill (Low) Gun 113
10 Echo Target (Doon Hill) 81
11 Doonhill/Target waypoint 89
12 Doon Hill Gun 85
13 Gypsy Poaint 81

Table 13. Dose rates measurements - KTA 2008.
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Historical Data

To allow year-to-year comparison, data from the6l@02008 KTA environmental surveys
is presented on the following pages. Data for, gpdss and animal indicator analyses are
presented separately.
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Total Uranium Results: All Soil Samples 1996-2008
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Total Uranium Results: All Grass Samples, 1996-2008

¢ spring/summer collection ¢ autumn/winter collection ¢ yearly collection
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Sample
Type 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008
Cow 2(3856 0((?;_3 14 0.8 315 0.2 1.6 0.5-1.5 0.4-7.7 1.1-15 1.0-2.6 0.9-1.5
Faeces 1 '3) 1 '0) (0.9) (0.7) (1.2) (0.8) (0.5) (0.6-0.8) | (0.7-1.5) | (0.9-1.0) | (0.7-1.2) | (0.6-0.9)
Sheep <03 1.1 3.1 0.7-7.8 3.9 5.2 0.9 0.5 0.3 1.2-14.5 7.4
Faeces ' (1.2) (0.6) (0.9-1.7) (1.3) (0.7) (1.5) (1.5) x (1.0) (0.8-0.9) (1.0)
Fox 11.4 6.0 46.7 8.7 5.2 < < 12.4 x x
Faeces x x (0.7) (0.8) (6.7) (0.6) (2.2) (1.8)
Deer 2.1 7.8 0.4-0.6 < 1.0 0.5 < 14 0.5 x 0.5
Faeces x (n/a) (2.7) (1.7 £1.5) ) (0.7) (0.7) (1.0) (2.7) (n/a)
S 1.3-5.8
Rabbit 0.3 3.9 £ 42.6 0.5 0.5 1.2 61 ° _ 1.2-13.2| 0.7-14
Faeces x x (0.9) x (2.0) 2 (7.2) (1.0) (1.5) (0.9) N 2) (1.1-2.3) | (0.9-1.2)
g 0.1-1.2
Badger @ 13+ <
Faeces x x x x x ) x x x x x 13+
= 0.5)
Deer < < 0.1+ 0.0 < 0.0-0.1 0.1
Kidneys x x x x x x (n/a) (n/a) (n/a)
0.5
rl\r/IIUShI’OO x x x x x x (n/a) x x x x x
Black- 0.2
berries x x x x x (n/a) * * * * * *
Water 4('1"3_'1 <94 | 38166 | 9.0-146 | 12.3-13.0 2771 | 1747| <11 | 1851 | 1891 | 2075 | 2.7-6.4
samples 1 '1) (nfa) | (1.1-1.4) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a)

Total uranium results for all terrestrial biological and vegetal indicator samples (mBq/g of dry weigh and water samples (in mBg/l) 1996-2008.
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Notes x denotes that no sample of this type was collected.
For simplicity, results for both the total uraniativity and the isotopit®®U/?*U ratio are reported as follows:
e The activity is reported first, and followed by ttaio in italics in bracket.

«  Where the isotopic activities are below the LinfiDetection (LOD) for more than one isotope, thaadpic ratios could not be
calculated and are reported as ‘n/a’.

« When only one result is reported for a sample tiiperesult is reported together with its uncettaisWhen there are more than one

result for a sample type, the range (min — maxgp®rted. The analytical error for these resultsictvis not reported here, is typically
below 20%.
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ANNEX A Issues to be considered when interpreting or comparg uranium

Al

A.2

A3

A4

A5

data

There are a number of issues that may give risantertainties when interpreting or
comparing uranium data. These include:

. Analytical technique;

. Statistical variation;

. Spatial variability;

. Temporal variability; and

. Species variation (for plant and animal samples).
Analytical approaches

Soil sample results may be reported as either d¥ight or wet weight depending on
whether the masses of the samples were obtainedtpror after drying. This will have
implications for comparison of results between slueveys at Kirkcudbright, which are
reported as dry weight and other UK uranium in slaila, which may be reported as wet
weight. Samples reported as dry weight will appeahave concentrations of uranium
approximately 20% higher than those reported asmeeght (although this will depend on
the moisture content).

For analysis techniques such as inductively coupladma mass spectrometry (ICP-MS)
or alpha spectrometry, the uranium present in gokamay be extracted into solution by
either leaching the soil samples or totally diss@\hem. Total dissolution will give rise
to higher uranium results because the analysis imdlude all uranium including that
which is contained within the mineral grains. Ueed samples, in comparison, will only
contain uranium that is either easily dissolvedisoadhered to the surfaces of mineral
grains. This limitation is acceptable as any Dutamination which may be present at
Kirkcudbright is likely to be leachable. Total sale analysis techniques such as gamma
spectrometry will give results similar to those fotal dissolution. Given the differences
between the results for total analysis and leach®alysis, care should be taken when
comparing sets of data to ensure that either thee sgpproach has been used or that the
differences are appropriately discussed.

Uranium concentrations in plants may be affectedcbytamination of foliage or roots
with dust or soil particles. Preparation of plafids analysis may or may not involve a
washing stage. It is therefore important to berawa the preparation approaches that
have been applied when comparing the results tdrdift plant analyses.

Statistical variations

There will be minor variations between the truenuren content of a sample and results
produced by analysis. This variation is highlightied the counting statistics for the
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technique. The statistical uncertainties of labmmatresults are likely to be small in
comparison with the true variation in activity beem samples.

Spatial variations

DU contamination will not be uniformly distributedithin a sampling area. Any DU
firing malfunctions will probably result in smalkagments distributed over an area.
Within that area, sampling at some locations waaldicate contamination, whereas at
others the soil would appear to be clean. Hermerdépeat sampling and analysis of soils
from within an area may give rise to a significdagree of variation.

In addition to DU contamination due to firing attlhange, there may be variations in
uranium concentrations due to local anthropogeniaatural discharges. For example,
natural uranium concentrations may be enhancedhéyldcal application of phosphate

based fertilise to agricultural land. Most of thieosphate fertiliser applied to clay loam
soils in England in the last 100 years can belstifound retained in the top 23 cm layer of
soils, with no increase at greater depths [Al]. inSerich in uranium minerals occur

naturally along the coast of the Solway Firth, sashuraninite found at Needle’s Eye,
approximately 24 km away from KTA on the north doafsthe estuary. These features are
thought to be present across the region [A2, ABhoagh this has not been studied
specifically.

Temporal variations

There will be natural temporal variations in theanium concentration and in the
abundance of the various isotopes in the samplestaseasonal variations in rainfall.
Rainfall can impact on dust re-suspension and deposon grass as well as on the
dissolution and migration of surface uranium dowe soil profile. Some concentrations
may be slightly elevated at the time of samplindpilst others may be slightly below
expected background levels.

The activities of samples from any particular sangpkite may vary from year to year.
This may relate to temporal changes in uranium eotmation, but will also be affected by
spatial variation (see above).

Plant uptake of radionuclides is affected by thegaein the plant growing cycle. This is
also mirrored in the animal uptake of radionuclidathin their life cycle.

Species variations

Plant uptake of radionuclides is affected by thié dtaracteristics (uranium concentration
and speciation as well as other soil physico-chahubaracteristics) and varies with plant
species. In general, leafy vegetables take up higbhecentrations than fruit and grain
crops. Uranium tends to be preferentially distrdouin the leaves and stems rather than in
the roots, fruits or seeds [Al].

Animal uptake of uranium is affected by their Iifabits, feeding patterns, physiology and
the uranium concentration in their foodstuffs ahd environment. Because it is clearly
impractical to consider all species in a particidavironment, the current approach in
radiological dose assessments to non-human spisctesadvocate the use of reference
organisms[A4]. For the terrestrial environmentinaals that live both above and below
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ground have been selected (earthworms, mice aneksfpxas well as animals that live
strictly above ground (deer and cattle). Althotigis environmental survey does not seek
to compile a dose assessment for non-human speciesever possible, the faeces of
some of these animals have been collected andsathly

Annex A References

Al. Mortvedt, JJ. (1992) Plant and soil relatiopshiof uranium and thorium decay series
radionuclides — A reviewlournal of Environmental Quality23, 643.

A2. Basham, | R; Milodowski, A E; Hyslop, E K; Pear J M. (1989) The location of uranium
in source rocks and sites of secondary depositidgheaNeedle's Eye natural analogue site,
D&G, British Geological Survey Technical Report VBB/56.

A3. Milodowski, A E. et al. (1990) Uranium-miners#id micro-organisms associated with
uraniferous hydrocarbons in southwest ScotlandutgaB47, 465.

A4.  Environmental risk from ionising contaminamssessment and management (ERICA), EC
6th Framework Programme (Contract FIGR-CT-2003-3038
[web reference: http:\\www.erica-project.org].
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ANNEX B Change in the**®/**"U activity ratio of a medium containing
natural uranium with the addition of depleted uranium

- _ Rgt!o of total sa - 3
M ass proporti gn of Activity Concentration (mBg/kg)** li'(;t:\\fgﬁq ntztltjc:?,slll actiéth/y r;ldo
b et activity
U-238 U-235 U-234

0 3.7 x1d 1.7 x16 3.8 x1d 1.0 1.0
1 7.4 xad 2.2 x16 4.3 x1d 1.6 1.7
2 1.1 x10 2.7 x16 4.8 x1d 2.1 2.3
3 1.5 x10 3.2x16 5.3 x1d 2.6 2.8
4 1.9 x16 3.7 x16 5.8 x1d 3.2 3.2
5 2.2 x16 4.1x16 6.3 x1d 3.8 3.6
6 2.6 x16 4.6 x16 6.8 x1d 4.3 3.9
7 3.0 x16 5.1 x16 7.2 x1d 4.9 4.1
8 3.4 x16 5.6 x16 7.7 x1d 5.4 4.3
9 3.7 x16 6.0 x16 8.2 x1d 6.0 4.5
10 4.1x16 6.5 x16 8.7 x1d 6.5 4.7
20 7.8 x16 1.1 x1d 1.4 x10 12.0 5.8
60 2.3x16 3.1 xad 3.3x16 34.1 6.9
80 3.0 x16 4.0 xad 4.3x16 45.1 7.1
100 3.8 x16 5.0 x1d 5.2 x16 56.1 7.2
200 7.5 x16 9.8 x1d 1.0 x16 111.0 7.4
600 2.2 x10 2.9 x16 3.0 x16 332.0 7.6
800 3.0 x10 3.9x16 3.9 x16 442.0 7.6
1000 3.7310 4.8 x10 4.9 x16 552.0 7.6

Table reproduced from Volume 2 - Appendices, WS@glEnvironmental Assessment on DU Firings.

* The value represents the additional mass of deplenium added (all radionuclides) relative toahiginal
mass of natural uranium present (3 mg U/kg soil).

*x Table assumes 3 mg U/kg of natural uranium presestil in following proportion?®U (2.978 mg /kg );
239U (0.022 mg /kg )***U (2e-04 mg /kg, prior to addition of DU.
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