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Executive Summary

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

This report presents the findings of the terrelstimvey undertaken at KTA during 2009; the
marine survey is reported separately in Part 2e 3irvey was undertaken to monitor the
levels of any depleted uranium in the terrestralinment resulting from operations on the
site and to identify the extent of any environmeétrnsfer processes.

None of the samples analysed were radioactive mithe meaning of the Radioactive
Substances Act 1993 (RSA93) nor did they exceedSiieeralised Derived Limits (GDLS)
advised by the Health Protection Agency (formetig tNational Radiological Protection
Board). The level of uranium present in the m#jodf samples was consistent with that
expected due to naturally occurring radioactiveemak It is concluded that the known areas
of low-level DU contamination on site, which areimained within fenced compounds, are
not leading to the transfer of uranium to surfa@ewncourses.

Based on the findings of this survey, which areegally consistent with those of previous
surveys, potential doses to critical groups, sikespnnel and members of the public are
deemed to be indistinguishable from natural baakggoexposure.
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Introduction

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

Training Area (KTA) since 1982. Routine environrtanmonitoring has been
carried out at KTA since 1980 to assess the exteahy environmental impact of
the firings on the terrestrial and marine environteeand any associated
radiological risk [1 to12].

This report presents the findings of the terrelssiimvey undertaken at KTA during
2009; the marine survey is reported separatelyart P [13]. The survey was
undertaken to monitor the levels of any uraniumtha terrestrial environment
resulting from operations on the site and to idgrthie extent of any environmental
transfer processes.

A review of historic environmental monitoring prolcees was undertaken as part
of an independent assessment of the DU firing af Kdnd Eskmeals) ranges in
July 1995 [14]. During 1996, the environmental manng programme for KTA
was revised in line with the recommendations of #esessment and the 1996 DU
Baseline Survey report was published [15]. Enwvimental monitoring was
undertaken in a consistent manner between 199@@0d

Due to altered work activities at KTA (with only @rbattery-target combination
now available for use and greatly reduced prodfdiof DU munitions) the MOD
and the Scottish Environment Protection Agency (SEPintly agreed in 2007
that there should be greater emphasis on streammesedsampling rather than soll
sampling. The current terrestrial monitoring peogme reflects this agreement
and consists principally of the collection and gsel of grass and stream
sediment/water samples, along with soil samplirauad the active battery-target
combination. Animal indicator samples are alsdeodéd when available. Further
details of the revised sampling protocol are predith the 2007 terrestrial survey
report [11].

Background

The KTA range is located on the coast of Dumfried aGalloway, near
Castle Douglas. In April 2006, the range becarag pf the Defence Training
Estate (DTE).

DU has been released into the environment at KTA asnsequence of the test
firing of DU ammunition during design and accuraagsessment 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 plaefive locations on the KTA
range. Strength of design trials were initiallyndacted at the Raeberry range
using prototype ammunition. Functionality and aecy trials were conducted

DSTL/TR40942 V1 Page 7 of 44
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until 2001 at the Balig and Doon Hill ranges, whit®nfirmatory proving trials
were carried out at the Silver Hill Low range. 20603, rounds were fired from
Challenger tanks placed at the Chapman 1000 miing fpoint towards India
Target.

2.4 The current firing policy is to use the Balig Gundalndia Target combination.
There was no DU firing at KTA between 2003 and 208lthough a total of 20
rounds were fired in 2008 as part of a routine sillance programme to ensure the
safety and serviceability of the ammunition. Nanfy has taken place since 2008.

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

2.6 DU penetrators do not fragment in air under noroiaumstances. However, it
was inevitable that some malfunctions would occurirdy the early test firings.
Although the majority of malfunctioning penetratstdl entered the Solway Firth,
a small proportion impacted on land and some fragetkon exiting the gun barrel
or in the early stage of flight. Whilst some oésle fragments entered the sea, it is
known that small quantities of particulate DU weleposited at a few discrete
locations in the local terrestrial environment. d$¢l@f these locations are now
fenced off, although the levels of DU present agow regulatory concern. The
recovery of misfired DU penetrators has been attechalthough in most cases
penetrators are suspected to be buried at deptieisoil and therefore it has not
been possible to locate or recover them.

2.7 An extensive radiological survey was carried ou2@2 using sensitive large area
radiation monitoring equipment. Whilst identifyirige expected isolated areas of
low level DU contamination, the survey showed levef radioactivity in most
areas to be consistent with natural backgroundidevéMost elevated radiation
levels were due to naturally occurring radionudidieund in construction materials
such as the granite chippings used on the rangks [a8].
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Figure 1. Number of DU projectiles fired at KTAtlbveen 1982 and 2009.
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Figure 2. Approximate cumulative mass of DU préjes fired at KTA between 1982 and 2009.
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3 Depleted Uranium (DU)

3.1 Uranium is a naturally occurring radioactive matkwhich exists mainly as three
isotopes: uranium-238%U), uranium-235 {°U) and uranium-234%'U). The
approximate mass composition of these isotopesasvis in Table 1. In the
environment, natural uranium normally exists inr@gpnate equilibrium with the
daughter products of th€%U and ***U decay serigsin terms of radioactivity.
Together these isotopes emit a range of alpha atadgdarticles along with gamma
radiation. Being a heavy metal, the chemical tbxiof uranium is approximately
equal to that of lead.

3.2 Uranium in an 'enriched' form is used as fuel iclear reactors. The enrichment
process increases the concentratiorf>dfl (above 0.72%) in comparison to the
natural form. The by-product of this process isplgted’ uranium (DU), which
has a reduced concentration8t). Uranium-234 is also removed in the depletion
process; DU is consequently less radioactive thataral uranium (the specific
alpha activity of the DU fired at Kirkcudbright Imgj approximately 1.4 x Z0nilli
becquerels per gram (mBg/g) compared to 2.5iBq/g for natural uranium
[17] ). The mass compositions of DU and naturahirm 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% normally exists in approximate equilibrium
with 2% in the natural environment. In comparison, Dthibits a >*®U/?*U
activity ratio of between 7:1 and 8:1, dependanttbe degree of depletion
achievable by different methods of processing. sTdistinction is important in
differentiating DU contamination from naturally agong uranium in the
environment (see Section 4). For the remaindehisfreport, isotopic ratios will
be stated in terms of activity rather than massamnd single value representing the
ratio of becquerels U to 1 becquerel of**U (i.e. a®**U/?* ratio of 7 rather
than 7:1).

A radioactive decay series occurs when a heavynadiide decays into successively lighter radioidies.
For example?®®U decays t3*Th, then”**"Pa, therf*'U and so on until a stable element is reachER1f).

Page 10 of 44 DSTL/TR40942 V1
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4 Differentiating DU From Natural Uranium

4.1 The fundamental requirement of the DU environmentahitoring programme is
to quantify the impact of DU firing. This is ackel partly by measuring the
amount of total uranium in environmental materiatsl using this figure as an
upper bound of DU contamination levels. Howeves,usanium is present at
detectable levels in most environmental materitliss overestimates the risk.
More sophisticated analyses involve the specifi@sneement of**U and #U
isotopes (by activity and/or mass). Although isetopeasurements are used in this
survey, references to total uranium measuremeatsealuded for consistency with
historic reports. The limitations of using totalamium concentrations are
discussed further in Annex A.

4.2 A convenient fingerprint marker for DU contaminatiss the?3®U/*U activity
ratio. The DU fired at KTA has &%U/?% activity ratio of approximately 7,
whereas natural uranium in the environment typyclalls an activity ratio close to
unity. Environmental samples are therefore andljseisotopes of**U and?**U
to determine activity ratios and hence identify dhnigin of the uranium.

4.3 Substantial deposition of DU in the terrestrial iemwment (in addition to an
existing natural uranium background) is requiretbteethe®*®U/?*U activity ratio
diverges significantly from its natural ratio. Altustration of the impact of DU
contamination on the isotopic ratio is given in ArrB. For the ratio to approach
7 in an analytical sample, the mass of DU wouldehtty be approximately one
hundred times the mass of the uranium that is allyypresent. Hence, the lower
the natural uranium background, the lower the Ewd DU contamination that
may be detected by isotopic analysis.

4.4 Isotopic quantification is achieved by techniquashsas alpha spectrometry and
mass spectrometry. Alpha spectrometry can detectium to parts per billion,
which is equivalent to mBq per kg, or to lower lBsvié count times are increased.
Mass spectrometry is more sensitive, but the lolseels detectable are of no
recognised health significance. Isotopic informatican also be yielded from
gamma spectrometry analyses, although limits okdein are not generally
sufficient for measurement of environmental levels.
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Reference Levels

The Depleted Uranium Firing Environmental Reviewn@uoittee (DUFERC), on
which the MOD is represented, has agreed invegtigartion levels for levels of
DU in soif. These are currently based on, and represent b fawiion of, the
Generalised Derived Limits (GDLs) advised by thealte Protection Agency
(formerly the National Radiological Protection Bdpf18] and the Schedule 1
activity concentration for uranium laid down in tRadioactive Substances Act
1993 (RSA93) [19]. GDLs for uranium were last ugedain 2000 and were
referred to by the Royal Society in their studiésh® potential health effects of
using DU munitions [20]. The investigation/acticavéls are set intentionally low
to ensure that any DU released into the environnemtentified before it can
accumulate to significant levels. In particulastian levels are set to less than 10%
of the level at which control would be required en&SA 93.

Source Reference Level Ay concentratlon
(mBqg/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 Limit>®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 ssetliment.

There are no DUFERC agreed investigation/actioalgefor uranium in water. The
alpha spectrometry system deployed by Dstl canctlet@nium in water at levels
down to about 10% of the World Health Organisago(WHO) most restrictive
recommendation for uranium levels in drinking wapg per litre, which relates
to approximately 50 mBg/l for natural uranium). i§h0% level is commonly used
as a ‘trigger’ in occupational health monitoring.

2 S0il in areas of contamination above DUFERC ingasion/action levels shall be managed in accordavith
the KTA Depleted Uranium Management and RemedidRiam [21].

Page 12 of 44

UNCLASSIFIED

DSTL/TR40942 V1



UNCLASSIFIED

6 Methodology

6.1 As discussed in Section One, the current surveyogelogy consists primarily of
the collection and analysis of grass and streanmsed/water samples, along with
soil sampling around the active battery-target domtion. Animal indicator
samples are also collected when available and @mwviental gamma dose rates are
recorded at each sampling location. Stream sedima&ter sample points are
located at areas where any potential contaminasolikely to leach from the
surrounding soil.

6.2 Full details of the methodology are provided in thiéowing paragraphs. A list of
the soil, grass and faecal samples collected isngim Table 4. A list of stream
sediment and water samples collected is given biela

Terrestrial sampling sites

6.3 For each gun-target combination, sampling siteewéosen in the vicinity of the
gun position, at the soft target stand, and atitttepoint of the range. In addition,
samples collected from the Gypsy Point locationevesed for the purpose of
background comparison. Grass samples were callécien all locations whereas
soil samples were only collected from locations 3,and 6 (Balig-India
combination) and the background location (K13). e I8 sampling points are
shown in Figure 3; the location names and Ordn&weey 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/TR40942 V1 Page 13 of 44
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Figure 3. Terrestrial sampling locations at KTA20 Note: red markers indicate grass sampling;
green markers indicate grass plus soil sampling.

6.4 At each sampling site, grass samples were colledtech three areas of
approximately 1 rhin size located within 5 metres of each other. evélthe grass
was scarce or short, the sampling area was inaeas# the samples obtained
were of the requisite mass for laboratory analygisater than 200 g). The grass
was cut at a height of at least 2 cm above thergt@o avoid including soil in the
sample. The type of grass collected and the comifeather plant species varied
from site to site. The 3 unwashed grass sampbes &ach site were combined into
one composite sample and analysed by alpha spestiyom

6.5 Soil samples were collected as undisturbed core$.®&fcm diameter and up to
30 cm in depth from the centre of each of the timeegrass sampling areas. Each
soil core was divided into sub-samples of two deptérvals (0-2 cm and 2-5 cm)
in the laboratory and portions of the three subgamfrom each point combined
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to create one composite sample for each depthvaltéd-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 peaadindication of distribution
with depth.

6.6 At each grass sampling area, gamma dose ratesdedred from measurements
taken using a Mini-Instruments 6-80/81 and compeasMC71 Geiger-Muller
tube set up at 1 m above the ground and allowe@dord over a period of 300
seconds. A mean gamma dose rate was calculated floee replicate
measurements.

6.7 Where available, samples of animal faeces (e.g, daabit, fox, badger, sheep and
cattle) were collected close to the sampling site®nly fresh samples were
collected, taking care to minimise the amount ofl s grass that could
inadvertently be sampled at the same time. Rabbjpings were collected until
enough material had been sampled, making one cotaasnple for that location.
These samples were analysed by alpha spectrometry.

6.8 Deer culling takes place on the range to managel¢lee population. Biological
samples are collected from the culled deer on gompnistic basis. In 2009, two
kidney and one liver sample was available for asiallpy alpha spectrometry.

Stream sediment and water sampling

6.9 Stream sediment was collected at fifteen locatfom® streams that collect run-off
water from the soil surface of the range. Streastewsamples were collected at
five locations. The Ordnance Survey of Great Bmitgiid references for the fifteen
stream sediment and water sampling sites usedd8 afe given below. The exact
position of the sampling sites changes slightlyrfrgear to year due to changing
stream conditions and access. The current locato® shown on a map of the site
in Figure 4.

Stream sediments sampling grid references:

S1. Burnfoot Bridge NX 74199 44570
S2. Netherlaw Wood NX 74166 44631
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 71082 45571
S10. Ring Burn NX 71152 45961
S11. Overlaw Burn NX 71166 44847
S12. Overlaw Burn NX 72120 46277
S13. Overlaw Burn NX 72507 46920
S14. Balmae Burn NX 69144 44643
S15. Balmae Burn NX 68556 43890
DSTL/TR40942 V1 Page 15 of 44
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Stream water sampling grid references:

W1. Abbey Burn NX 74199 44570
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 sedirmaerd water sampling.

6.10 Stream sediment was collected from below the wategre possible. Care was
taken to sample undisturbed sediments which hadeen disturbed by cattle, for
example. The top layer of the sediment (up to 5demth) was collected and any
large stones were removed. Sample size ranged @dmto 0.8 litres. The
sediment samples were analysed by alpha spectypmetr

6.11 Five water samples (0.5 litre) were collected frasatercourses that run through
the range. Samples were collected at accessib&idns along the stream (e.g.
from bridges and easily accessible banks). To venamy suspended sediment, the
water was filtered through a Whatman filter papgng a funnel previously rinsed
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in stream water into a rinsed sample bottle. Bb#h water and the filter paper
were analysed by alpha spectrometry.

Sample Descriptors

6.12 Each sample was given a unique sample descrioose samples collected from
specific sites (e.g. grass samples) were given gixpsuch 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 theetgh faecal sample. Soil samples
were also denoted with a ‘U’ or a ‘L’ for the uppand lower soil horizon
composite samples respectively. Deer kidney awmdr Isamples were simply
named ‘Deer kidney (a) or (b)’ and water/sedimemgles were given descriptors
such as W3 and S13 respectively. Some examplesample descriptors are
provided below:

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

K3 rabbit : Rabbit faecal samples collected frawation 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 alpka@petry in the Dstl UKAS
accredited radiochemistry laboratory following tpeocedure adopted for the
analysis of the terrestrial samples during the 1838eline Survey [15]. An
outline of the approach is given below.

6.14 The solid samples (soil, grass and biological iattics) were dried to remove
moisture and weighed (with results being reportedliy weight). The samples
were ashed to remove organic material and homoggniBuring these processes,
the loss of uranium from the sample is deemed tanbgnificant. The ashed
samples were boiled in concentrated mineral acittiqnacid and hydrochloric
acid) to remove the ‘loose’ and leachable uranivomfthe sample. Recalcitrant
matrices such as mineral grains were not brokenndoyvthe process and hence
natural uranium bound up within them was not remdoveThe samples were
filtered to remove solids. Water samples of 250 wdre boiled down to
approximately 100 ml and acidified.

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

6.16 Uranium activity concentrations are reported in rgB@quivalent to Bg/kg) of dry
weight for soils, grass and biological indicatonsl anBqg/l for water samples.

DSTL/TR40942 V1 Page 17 of 44
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A summary of the results for all terrestrial samspt®llected in 2009 is given

below in Table 3.The full terrestrial monitoring results are provide Tables 6 to
13 in Section 12. Historical monitoring results the KTA for the years 1996 to

2009 are presented in Appendix A.

7.2

It should be noted that the summary below is predids an overview of the data

collected. Given that some samples were collefrtad specific areas of known
contamination, the mean values should not be viemgedn indicator of average
uranium concentrations across KTA as a whole.

S o Number of Total uranium concentration (mBg/g or mBq/In
o o | samples
Sample type -g £ | containing Standard
S & | detectabley Mean | deviation of| Minimum | Maximum
< DU3 the mean
Soil upper 1 28.7 6.6 20.8 34.8
Soil lower 4 1 34.2 7.8 26.6 45.1
Grass 13 0 0.2 0.2 0.03 0.8
Water 5 0 5.8 2.3 3.7 9.6
Stream sediment 15 0 27.2 5.2 20.7 39.5
Faeces (Rabbit) 0 1.2 1.2 1.2 1.2
Faeces (Cow) 4 0 4.8 6.4 0.7 14.3
Faeces (Deer) 0 4.9 4.9 4.9 4.9
Kidney (Deer) 2 0 0.6 0.6 0.1 1.0
Liver (Deer) 1 0 0.1 0.1 0.1 0.1

Table 3. Summary of sample analyses - KTA 2009.

® Samples are reported as containing detectable B¢ ifatio of®U to ?**U (after subtraction of the associated
uncertainty to give the 95% confidence level) isager than 1.0 for soil, grass and biota samples.

DSTL/TR40942 V1
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Grass sample analysis

7.3 Alpha spectrometry results for grass samples apgvishin Table 6. The highest
level of total uranium was recorded at the backgdowsite (Gypsy Point:
0.8 £ 0.2 mBqg/g) and ranged from 0.03 £ 0.02 to#0(®1 mBqg/g in other samples.
These results are similar to those expected in W&ssps as reported in the
literature ( 0.2 to 3.8 mBqg/g [22] ). In additica] isotopic ratios are indicative of
naturally occurring uranium rather than DU (afteibtsaction of the associated
uncertainty value).

Soil sample analysis

7.4 Alpha spectrometry results for soil samples arevshm Table 7. Levels of total
uranium ranged from 20.8 + 2.3 to 45.1 + 4.5 mBghjch is consistent with the
findings of previous surveys [1-12] and the levidand at the background site
(Gypsy Point: 25.9 + 3.7 to 33.5 + 3.5 mBqg/g). Hesare also consistent with
those reported in the literature for UK soil, whareupper bound of total uranium
is estimated at 50 mBgq/g [20]

7.5 Although there was some evidence of depletion foainBalig Gun (K4) (isotopic
ratio of 1.4 £ 0.3) no sample was radioactive mitthe meaning of RSA93, nor
did it exceed a small fraction of the GDL for wetixed soil (20,000 mBqg/g).
Furthermore, evidence of some minor depletion issistent with the findings of
previous surveys [1 to 12].

Animal indicator sample analysis

7.6 Alpha spectrometry results for faecal samples amel didney/liver samples are
shown in Tables 8 and 9 respectively. The levEtstal uranium in faecal samples
ranged from 0.7 + 0.2 up to a maximum of 14.3 + thBg/g found in a cow
sample from Gypsy Point (K13). Similar levels gmium have been found in
faecal samples in the past (see Historical Datdi@gcand it is emphasised that
isotopic ratios indicate that the uranium is ndtiurarigin.

7.7 No isotopes of uranium were detected in the dedvelyi or liver samples above the
limits of detection. This is consistent with thedings of previous surveys.

Stream water sample analysis

7.8 Alpha spectrometry results for stream water artdrfphaper samples are presented
in Table 10 and 11 respectively. Total uraniunwater samples ranged from 3.7 +
2.11t0 9.6 + 3.4 mBqg/g. All sample results weetolv the WHO drinking water
limit of 2 ug/l, which relates to approximately 50 mBqg/I (nalwiranium). Where
it was possible to calculate an isotopic ratio frdma low levels present, this was

* Soil minerals containing uranium are widely digttilsd on the surface of the Earth’'s crust and the

concentrations of natural uranium in the terrelsteavironment can vary significantly between looas.
Consequently, there is no single definitive refeeetevel for natural uranium in soils. Howevegrthis broad
agreement in the range of values published initeeature: typical values in the UK range from 25t mBqg/g
wet weight [20], but concentrations of up to 100ds the typical range can be found in some locgtion
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indicative of natural uranium. No isotopes of uwam were detected above the
limit of detection in the filter paper samples asated with these water samples.

Stream sediment sample analysis

7.9 Alpha spectrometry results for stream sediment é&smre presented in Table 12.
The levels of total uranium present ranged fronv 202.7 to 39.5 + 4.4 mBqg/q,
with isotopic ratios indicating that the uraniunegent was natural in origin. No
sample was radioactive within the meaning of theA®&S and all samples
represented less than 0.01% of the GDL for fresbwasediments
(400,000 mBg/q).

Environmental dose rate measurements

7.10 Environmental gamma dose rate measurements recdcatgd) 2009 are shown in
Table 13 and range from 78 to 107 nano grays per (nsy/h), the highest dose
rate being recorded at Gypsy Point. These measmtsnare consistent with those
found during previous surveys.
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Interpretation of Soil and Grass Isotopic Ratios

This section provides an assessment of i&/>>*U isotopic ratios within samples
to ascertain the degree of depletion and henceexbent of DU contamination.
Further discussion on the use of isotopic ratioglifferentiate DU from natural
uranium is given in Section 4. An illustration thie impact of increasing the DU
mass in a sample on the isotopic ratio is providedinnex B.

Provided below are graphical interpretations ofsgrand soil isotopic ratios
together with an explanation of the findings. As isotopic ratios significantly
above unity were identified in other sampling typgsaphs for animal indicators
and stream sediment/water samples are omitted.

Isotopic ratios in grass samples

A graphical summary of the isotopic ratios for trass samples collected in 2009
is provided in Figure 5. Where no isotopic valseshown in the graph, uranium
isotopes have not been detected above the limdstettion.

Due to the low levels of uranium present, isotapittos could only be determined
for 6 out of 13 grass samples. Individual isota@itos ranged from 0.8 + 0.6 to
2.5 £ 1.7, this highest result coming from Raeb&uon (K3). However, following
subtraction of the associated uncertainty valugjlte indicate that even the highest
result is not significantly different from the valdor natural uranium (i.e. ratio of
1.0 or below). It is therefore concluded that tin@nium present is most likely to
be natural in origin.

Isotopic ratios in soil samples

A graphical summary of the isotopic ratios for #oél samples analysed in 2009 is
shown in Figure 6. Individual isotopic ratios radgfrom 0.8 £ 0.2 to 1.4 + 0.3.

Following subtraction of the associated uncertaititg only soil samples showing
slight signs of depletion were from Balig Gun (K4However, these results are
consistent with previous findings and it is empbedi that the actual levels of
uranium present are very low.
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Grass Sample Isotopic Ratios - KTA 2009
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Figure 5. Grass samples: isotopic ratios fromalgbectrometry analysis - KTA 2009.

Soil Sample Isotopic Ratios - KTA 2009
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Figure 6. Soil samples: isotopic ratios from algpactrometry analysis - KTA 2009.
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Evaluation of Potential Exposure Pathways

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

» External radiation exposure from contaminated \edget and soil or from DU
fragments;

* 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 and

* (Inadvertent) ingestion of DU contaminated soisediment.

As discussed in Section 7, the total uranium agtivesults for all samples
represented a fraction of the relevant GDLs and WH@ for drinking water.
Therefore, any associated radiation doses are deémée insignificant. For
completeness, however, the potential doses frorhigieest level of uranium found
in grass and soil samples are discussed belowthegevith a more general

discussion of potential doses on the range as é&ewho

External radiation exposure

Environmental gamma dose rates recorded across KUAng 2009 were
consistent with natural background radiation levdlkis is also the case where low
levels of DU contamination have been found (e.dpedtion K4) and indicates that
there is no increased risk from external exposelaed to DU at KTA.

Inhalation of re-suspended DU

DU that has been deposited on soil, river sedinzemt vegetation may be re-
suspended into the air and subsequently inhalexhtiye staff or members of the
public. The risk associated with re-suspended Dblld/ be greatest during
intrusive work which may take place on site (exgawation). However, the levels
of DU found in soil during 2009 are well below tk&DL for well-mixed soil
(20,000 mBqg/g) which itself relates to a Commitiefflective Dose of 1 mSv (the
current UK annual dose limit for a member of thélm). The maximum level of
uranium found in soil during 2009 was at samplaton K4, where total uranium
levels were 45.1 £ 4.5 mBqg/g (at 2 to 5 cm depB)ven that the level of uranium
is consistent with natural levels reported in tiberdture (up to approximately 50
mBg/g), any radiological dose due to inhalation ldolbe indistinguishable from
natural background exposure.
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Ingestion of DU contaminated foodstuffs

No agricultural crops intended for human consunm#ioe grown on the range so
the potential exposure route involving the ingestd contaminated crops need not
be considered. However, as a small number ofecattieep and deer graze on the
range, consideration must be given to the expgsatievay of ingestion of animal
products derived from contaminated soil or pastuteshould be noted, however,
that the known areas of contamination on site aotosed within fenced areas and
represent a small fraction of the total range ase®; potential dose estimates
therefore represent a worst case scenario.

Deer kidney and liver samples analysed during 2#0fot indicate the presence of
any detectable contamination due to DU. Any padéndoses through this
exposure pathway are therefore deemed to be ingisthable from natural
background exposure. The 2009 results are consisith those which have been
found in previous surveys.

(Inadvertent) ingestion of DU contaminated soistteam sediment

While there is a possibility that trace amountsai or stream sediment could be
inadvertently ingested by those who come into atntath the material, the levels
detected during 2009 are consistent with previaa g/ results and do not indicate
any risk through this exposure pathway (they ar# bedow the relevant GDLS).
Furthermore, it should be noted that known areasosftamination on site are
situated within fenced areas and access is theretdctly controlled.

Radiation exposure to critical group

Using local knowledge of the range, two groups @dgde are deemed to constitute
critical groups for the potential radiological desessociated with DU released into
the KTA terrestrial environment.

Workers employed to inspect and maintain the bogyntince around the known
contaminated areas are likely to be at most risktduheir regular presence on the
site. They form one critical group who may inhedesuspended DU contamination
from soil or vegetation and inadvertently ingestrensoil than any other group.
Based on the findings of this report, their pot@ntrorst case dose is considered to
be indistinguishable from natural background expesu

Local inhabitants that have access to venison atrmem the wild animals that
roam on the range constitute the other criticalugrorhe results of the present
survey are consistent with those of previous y@amshich it was concluded that
any potential exposures to this group would begm$éicant.

UNCLASSIFIED
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10 Conclusions

10.1 The 2009 Kirkcudbright terrestrial monitoring pragrme was undertaken to
assess the levels of DU in the environment reguftiom firing of DU munitions.
The monitoring programme consisted principally leé tollection and analysis of
grass and stream sediment/water samples, along seithand grass sampling
around the active battery-target combination. Aalimdicator samples were also
collected.

10.2 No sample was radioactive within the meaning of B$Aor did it exceed a small
fraction of the relevant GDL. The majority of saegcontained levels of uranium
which are consistent with those expected due toraldy occurring uranium. It is
therefore concluded that the existing areas oflwel DU contamination at KTA,
which are maintained within fenced compounds, areleading to the transfer of
uranium to surface water courses.

10.3 Based on the findings of this survey, which areegalty consistent with those of
previous surveys, potential doses to critical geyigite personnel and members of
the public are deemed to be indistinguishable fnatural background exposure.
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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 %
K2 x 1 1 v
K3 x 1 x v
K4 1 1 x v
K5 1 1 x v
K6 1 1 1 %
K7 x 1 x %
K8 x 1 x v
K9 x 1 x v
K10 x 1 1 v
K11l x 1 x v
K12 x 1 1 v
K13 1 1 1 %

Table 4. Summary of soil, grass and animal indicaamples collected - KTA 2009.

Note: x denotes sample not collected.

Sediment sample| Water sample
number number Location name Burn
S1 W1 & W2 Burnfoot Bridge Abbey and Netherlajv
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 lesnapllected - KTA 2009.
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o 5 E@ = E, Measured activity of dry sample (mBq/q)
SN ey
g 9 s= 12289 2 23y el Total U ratio
28 | e |5 |5
L <
K01 3139 1004 | 63 ] 01 + 0.04 < 0.04 < 004] 01 + 0.04]NA
o2 510.6 | 191.6 | 87 | 0.1 + 0.03 < 0.03 < 00301 + 004]NA
ko3 268.3 |1110] 49 [ 01 + 01 < 00401 + 00302 + 0125 + 17
o4 4451 |168.0| 84 | 01 < 0.04 < 004] 00 + 00301 + 005]16 + 14
los 527.8 | 167.9 | 8.0 < 0.04 < 0.04 < 004003 + 002 NA
los 597.7 | 197.8 | 9.2 < 01 < 01 < 0101 + 004fNA
lo7 728.0 | 160.3 | 100] 0.1 + 0.04 < 00501 + 0102 + 0108 + 06
lkos 347.1 | 1045 7.3 < 01 < 01 < 01 004 + 003]NA
koo 4123 | 163.0|11.3] 02 + 0.1 < 0102 + 01f 05 + 0110 + 05
l1o 5767 |175.7]| 7.3 < 0.03 < 0.03 < 0.03]0.04 + 0.02] NA
11 498.0 |176.9] 75 | 01 + 0.04 < 003]01 + 00302 + 0115 + o8
k12 386.4 | 156.3 | 7.9 < 01 < 0.05 < 0.1 ]004 + 003]NA
lk13 368.3 | 160.9 |186] 04 =+ 0.1 < 01]04 + 0108 + 0209 + 04
Table 6. Grass samples: alpha spectrometry reshdtsing total uranium and isotopic ratios - KTA 200
o 5 _% = E, Measured activity of dry sample (mBq/q)
g‘g 2 = %a 2 = 238174y
g2 |78 P &y 34y TotalU | ratio
(] ) j- =
K4/S/U 609 |35.4]201| 100+ 2607 + 03136 + 20| 333 + 33|14 + 03
l/a/siL 1205 |948|732| 260 + 36] 09 + 04182 + 27| 451 + 45|14 + 03
ls/s/u 56.4 |31.2]108] 94+ 15 < 03121 + 18208 + 2308 =+ 02
lks/siL 139.9 [89.3|707| 127+ 20[ 09 + 04130 + 21266 + 2910 * 02
le/s/u 1139 |66.0|505] 165+ 26] 15 + 05169 + 26| 348 + 3710 + 02
le/siL 1885 [125.9(104.4] 168 + 26| 06 + 03 [142 + 23| 317 + 34|12 + 03
lk13/s/u 713 |485|344| 125 + 25 < 06132 + 262509 + 3709 + 03
lk13/s/L 138.9 [108.8/86.7| 156 + 24|07 + 03[172 + 26335 + 35[09 + 02

DSTL/TR40942 V1

Table 7. Soil samples: alpha spectrometry reshitsvgg total uranium and isotopic ratios — KTA 2009
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- % = E, Measured activity of dry sample (mBq/q)

28 |E_[2 2 sy

(anrS 2 G = §9§ = LY 23y 234y Total U ratio
KO1/Deer 347 |114] 38 ] 19 + 05 < 0228 + 0649 + 08[07 + 02
lko2/cow 936 |266] 30 | 1.3 + 03 < 0109 + 0222 + 0415 + 05
lkos/cow 1844 |251] 46 | 08 + 03 < 0210 + 0318 + 0408 + 04
lk10/cow 2100 [318] 25 [ 03 + 01 < 0104 + 0107 + 0208 + 04
lk12/Rabbit 482 [400] 60 05 + 02 < 01]06 + 0212 + 0208 + 04
lk13/cow 1205 |62.6 | 426] 76 + 14 < 0465 + 13[143 + 1912 + 03

Table 8. Animal indicators (faeces): alpha spengty results showing total uranium and isotopt®oea— KTA 2009.

_ b= ) % Measured activity of dry sample (mBq/q)
L= o
22 1245 (55 SVl
s |55 28T &V 2y | Toalu | ratio
n o 5 <
o = > a0
Deer Kidney (a) 58.0|14.6| 1.0 < 03 < 0.3 < 03 10 £+ 08| NA
||Deer Kidney (b) 58.3|15.1| 1.1 < 02 < 0.2 < 0201 £+ 01]NA
||Deer Liver 95.1(31.8| 1.8 < 01 < 01 < 01 01 =+ 0.1]NA
Table 9. Animal indicators (deer kidneys and Isjealpha spectrometry results showing total urarsund isotopic ratios —
KTA 2009.
Measured activity of dry sample (mBqg/I)
Sample Z38U/7 ratio
descriptor > V] eV Total U
w1 < 24 < 24|32 =+ 19 5.7 * 2.5 N/A
W2 39 £+ 22 < 26 < 26 5.7 + 2.6 N/A
W3 28 + 1.8 < 24162 =+ 27 9.6 * 34 0.4 * 0.3
w4 < 24 < 24 < 24 4.3 + 2.2 N/A
W5 < 24 < 24 < 24 3.7 + 21 N/A
Table 10. Water samples: alpha spectrometry esbtiwing total uranium and isotopic ratios — KT#0Q.
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Measured activit

of dry sample (mBq/q)

@8
o o
€5 239U/7**U ratio
T 7 2y 2 2% Total U
0w o
gl
W1 (filter) < 09 < 09 < 09 | 11 « 0.7 N/A
W2 (filter) < 08 < 08 < 08 | 06 0.5 N/A
W3 (filter) < 08 < 08 < 08 | 06 0.4 N/A
W4 (filter) < 1.0 < 1.0 < 10 | 0.7 « 0.6 N/A
W5 (filter) < 07 < 07 < 07 | 07 % 0.5 N/A
Table 11. Water samples (filter paper analysighaspectrometry results showing total uraniumiaatbpic
ratios - KTA 2009.
0 5 < = f,, Measured activity of dry sample (mBqg/qg)
= 'g .% g 238 /234
= CIEC NG .
52 |£22939 = 235 234 TotalU | ratio
0)8 8 > (<
r 8|9
S1 722 156.5|54.8(125 £+ 2104 + 03135 = 22 (264 + 3.0 |09 0.2
S2 614 |476|46.2(1122 £+ 21 | 05 + 03130 = 22 (257 + 3.0 09 + 0.2
S3 73.2 |449|423|161 £ 25|10 + 04199 + 29 (370 + 39|08 +0.2
S4 67.2 |41.3|37.4|157 £+ 24|04 + 03159 + 25321 + 35|10 +0.2
S5 1153 (724679120 = 2.0 < 04149 £ 24 (271 = 3108 0.2
S6 101.7 | 58.7 552122 + 20| 06 = 03129 £ 21 (258 = 29|09 0.2
S7 73.3 |42.3|40.2109 £+ 19|05 + 03135 + 22 (249 + 2908 +0.2
S8 78.0 [39.3|36.2(13.7 + 23 < 05129 + 22 (268 + 3211 +0.3
S9 62.9 1309 |27.7(1176 £ 29| 06 + 04 212 =+ 33395 + 44|08 0.2
S10 73.2 |45.1|42.7|127 £+ 24|06 + 04 |135 + 25268 =+ 3509 +0.2
S11 99.4 [57.2|535(|104 £+ 18| 06 *+ 04 |114 + 20 (224 = 27 |09 +0.2
S12 80.8 138.1|134.7(1109 £+ 19| 0.7 = 04 121 = 21 (237 £+ 28 |09 + 0.2
S13 716 |136.7|133.8(10.1 £+ 19 < 05104 £ 19 (207 = 27 |10 =03
S14 69.5 [32.8|294|122 £+ 22|06 + 04 |125 + 23252 + 32|10 =03
S15 774 13391306101 £+ 20 03 + 03135 = 25239 + 32|08 0.2

Table 12. Stream sediments:

alpha spectrometajtseshowing total uranium and isotopic ratios /A2009.

Note (for Tables 5 to 12):Activity results have been rounded to 1 decimat@laAll uncertainties are stated at a
95% confidence level. Limits of Detection (LOD) aralculated by a 'modified Currie' formtlat 95%. The total
activity is calculated from the sum of the actuetiaties for each isotope, regardless of the LQintgd for that
isotope. Therefore, where activities are repoaetess than LOD for any of the uranium isotop®s total uranium
value may not be equal to the sum of the individsatiopic values. Where the isotopic activities laetow the LOD
for more than one isotope, the total activity dmelisotopic ratios could not be calculated andeperted as n/a.

5 Hurtgen C, Jerome S, Woods M. (2000) ‘Revisitingri@urhow low can you goApplied Radiation and Isotop&8 pp

45-50
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r?J?ntlk?enr Location Average dose rate (nGy/h) (n = 3)
1 Raeberry Target 93
2 Raeberry Bunker 99
3 Raeberry Gun 102
4 India Target 91
5 Balig Gun/Target waypoint 87
6 Balig Gun 89
7 Zulu Gantry 78
8 Mullock Farm 93
9 Silver Hill (Low) Gun 92
10 Echo Target (Doon Hill) 87
11 Doonhill/Target waypoint 91
12 Doon Hill Gun 93
13 Gypsy Point 107

Table 13. Environmental gamma dose rates - KT29200
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Historical Data

To allow year-to-year comparison, data from the6l@2009 KTA environmental surveys is
presented on the following pages. Data for sodsg and animal indicator analyses are
presented separately.
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Total Uranium Results: All Soil Samples 1996-2009
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Total Uranium Results: All Grass Samples, 1996-2009
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Sample
Type 1996 1997 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008 2009
Cow 2('3'3_'6 O('g-é_'?’ 14 0.8 315 0.2 1.6 0.5-1.5 0.4-7.7 1.1-1.5 1.0-2.6 | 0.9-1.5 | 0.7-14.3
Faeces 1 '3) 1 .O) (0.9) (0.7) (1.1) (0.8) (0.5) | (0.6-0.8) | (0.7-1.5) | (0.9-1.0) | (0.7-1.2) | (0.6-0.9)| (0.8-1.2)
Sheep <03 11 3.1 0.7-7.8 3.9 5.2 0.9 0.5 0.3 1.2-14.5 7.4 <
Faeces ' (1.1) (0.6) (0.9-1.7) (1.3) (0.7) (1.5) (1.5) x (1.0) (0.8-0.9) (2.0)
Fox 11.4 6.0 46.7 8.7 5.2 " " 12.4 N . N
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 . 1.4 0.5 < 0.5 4.9
Faeces x (n/a) (2.7) (1.7+£1.5) (0.7) (0.7) (1.0) (2.7) (n/a) (0.7)
Rabbit 0.3 3.9 42.6 0.5 0.5 1.2 1.3-58| 1.2-13.2 | 0.7-14 1.2
Faeces x x (0.9) x (2.0) (7.2) (1.0) (1.5) (0.9) 1.2-1.4)| (1.1-2.3) | (0.9-1.2)| (0.8)
0.1-1.2

Badger

x x x x x x x x x x (13 = x x
Faeces 0.5)
Deer N . 0.1+ 0.0 N 0.0-0.1 0.1 «
Kidneys x x x x x x (n/a) (n/a) (n/a)
Mushroom 0.5 x x x x x x

X X X X X X (n/a)
Black- 0.2 %
berries x x x x x (n/a) * * * * * *
Water 4(?-3_'1 <9.4 | 3.8-16.6 | 9.0-14.6 | 12.3-13.0| 2.7-7.1 | 1.7-4.7 <11 1.8-5.1 1.8-9.1 2.0-75 | 27-6.4 | 3.7-9.6
samples 1 '1) (n/a) | (1.1-1.4) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (n/a) (0.4)

Total uranium results for all terrestrial biological and vegetal indicator samples (mBg/g of dry weigi and water samples (in mBg/l) 1996-2009.

Page 36 of 36 DSTL/TR40942 V1
UNCLASSIFIED



UNCLASSIFIED

Notes x denotes that no sample of this type was collected.
For simplicity, results for both the total uraniattivity and the isotopit®®U/?*%U ratio are reported as follows:
* The activity is reported first and followed by traio in italics in the bracket.

*  Where the isotopic activities are below the LinfiD@tection (LOD) for more than one isotope, thaapic ratios could not be
calculated and are reported as ‘n/a’.

* When only one result is reported for a sample tyiperesult is reported together with its uncettaishen 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 ¢lueveys 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 Coupledma 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®lysis, 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 anthropogenioatural 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 dowa 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 higbecentrations 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 (see Reference A4). Although this enwivental survey does not aim at
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compiling a dose assessment for non-human speglesever possible, animal faeces
samples have been collected and analysed.

Annex A References

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

[A2] Basham, | R; Milodowski, A E; Hyslop, E K; Pe&, 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-mineralised micro-organisms assed with
uraniferous hydrocarbons in southwest ScotlandutgaB47, 465.

[A4] Environmental risk from ionising contaminansssessment and management (ERICA), EC
6th Framework Programme (Contract FIGR-CT-2003-3038
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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 so - 23
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 );
239 (0.022 mg /kg )***U (2e-04 mg /kg, prior to addition of DU.
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