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Executive Summary

Depleted uranium (DU) ammunition has been testlfaethe Kirkcudbright Training Area (KTA)
since 1982. Routine environmental monitoring hasrbcarried out at KTA since 1980 to assess
the extent of any environmental impact of the @igron the terrestrial and marine environments and
any associated radiological risk

This report presents the findings of the marinevsyirundertaken in the areas surrounding KTA
during 2008; the terrestrial survey is reportedasaely in Part 1. The survey was undertaken to
monitor the levels of any uranium in the marineimmnment resulting from operations on the site
and to identify the extent of any environmentahsfaer processes.

None of the samples analysed were radioactive mvite meaning of the Radioactive Substances
Act 1993 (RSA93) nor did they exceed a very smattion of the Generalised Derived Limits
(GDLs) advised by the Health Protection Agency rfferly the National Radiological Protection
Board).

The results of the 2008 survey agree with those fpoevious years and do not indicate any health
or environmental impact from the firing of DU. Tees no evidence to indicate that members of
the public are exposed to a radiological hazarohftike marine environment as a result of test firing
DU ammunition at Kirkcudbright.
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Introduction

Depleted uranium (DU) ammunition has been testfie the Kirkcudbright Training
Area (KTA) since 1982. Routine environmental monitg has been carried out at KTA
since 1980 to assess the extent of any environiméngzact of the firings on the
terrestrial and marine environments and any assatradiological risk [1 to 11].

This report presents the findings of the marineveyrundertaken in the areas
surrounding KTA during 2008; the terrestrial surveyeported separately in Part 1 [12].
The survey was undertaken to monitor the levelsany uranium in the marine
environment resulting from operations on the raagd to identify the extent of any
environmental transfer processes.

Since its inception in 1980, the monitoring prognaen has evolved to incorporate
changes in best practice and increased knowledteedbcal environment. The changes
to sampling protocols over the years were fullylax@d in the marine report of 2005
[3]. Since 1996, the survey methodology has reathioroadly consistent and involves
the annual sampling of inter-tidal sediment anddyitogether with the measurement of
environmental gamma dose rates along the Dumfoesttne. Underwater sediment
and locally caught seafood is also sampled.

Background

The KTA range is located on the coast of Dumfried &alloway, near Castle Douglas.
In April 2006, the range became part of the Defefraéning Estate.

DU has been released into the environment at Kadkdght as a consequence of the test
firing of DU ammunition during design and accurassessment trials. DU projectiles
are fired through soft vertical targets and corgitioeir trajectory coming to rest in the
Solway Firth.

Testing of projectiles historically has taken platefive locations on the KTA range.
Each battery location had a designated targetiarf fire and hence a predictable area
of impact ranging from several hundred metres for@agmately 7 kilometres offshore.
Although a small number of the DU rounds malfuno#id and impacted on land, the vast
majority entered the Solway Firth.

The number of DU rounds fired each year at KTA fritra five firing locations and the
cumulative mass fired to date, are presented inrEgl and 2 respectively.
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Figure 1. Number of DU projectiles fired from KTfkom 1982 to 2008.
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Figure 2. Approximate cumulative mass of DU prijes fired from KTA, from 1982 to 2008.
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Depleted Uranium (DU)

Uranium is a naturally occurring radioactive matkrvhich exists as three isotopes:
uranium-238 &), uranium-235%¢°U) and uranium-234¢"U). The mass composition
of these isotopes is shown in Table 1. In the remwment, natural uranium exists in
approximate equilibrium with the daughter produsftshe***U and®**U decay seri€sin
terms of radioactivity. Together these isotope# emmange of alpha and beta particles
along with gamma radiation. The chemical toxiafyuranium is approximately equal to
that of lead.

Uranium in an 'enriched' form is used as fuel iolear reactors. The enrichment process
increases the concentration BfU (above 0.72%) in comparison to the natural form.
The by-product of this process is ‘depleted’ urami§DU), which has a reduced
concentration of*U. Uranium-234 is also removed in the depletioncpss; DU is
consequently less radioactive than natural urar{then specific alpha activity of the DU
fired at Kirkcudbright being approximately 1.4 x"1illi becquerels per gram (mBg/g)
compared to 2.5 x 10nBg/g for natural uranium). The mass compositioh®U and
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. Mass compositions of uranium isotopesaitural and depleted uranium.

As discussed in paragraph YU normally exists in approximate equilibrium witiiu

in the natural environment. In comparison, DU &itki a **®U/*%U activity ratio of
between 7:1 and 8:1, dependant on the degree détaep achievable by different
methods of processing. This distinction is impatrtia differentiating DU contamination
from naturally occurring uranium in the environmésee section 4). For the remainder
of this report, isotopic ratios will be stated errhs of activity rather than mass and as a
single value representing the ratio of becquerél&®t to 1 becquerel of**U (i.e. a
238U/ ratio of 7 rather than 7:1).

! A radioactive decay series occurs when a heavypnadlide decays into successively lighter radioided. For
example?®U decays t3>*Th, then™*"Pa, therf>*'U and so on until a stable element is reach&a1).
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Differentiating DU from Natural Uranium

The fundamental requirement of the DU environmemntahitoring programme is to
quantify the impact of DU firing. This is achieveartly by measuring the amount of
total uranium in environmental materials and ughmg figure as an upper bound of DU
contamination levels. However, as uranium is presd detectable levels in most
environmental media, this overestimates the ribkore sophisticated analyses involve
the specific measurement ©fU and?*%U isotopes (by activity and/or mass). Although
isotope measurements are used in this surveygerefes to total uranium measurements
are included for consistency with historic reporfse limitations of using total uranium
concentrations are discussed further in Annex A.

A convenient fingerprint marker for DU contaminatits the?*®U/?*U activity ratio.
The DU fired at KTA has &*%U/2*U activity ratio of approximately 7, whereas natura
uranium in the environment has an activity ratiosel to unity. Environmental samples
are therefore analysed for isotope$8f) and®**U to determine activity ratios and hence
identify the origin of the uranium.

Substantial deposition of DU in the environment &ddition to an existing natural
uranium background) is required before tf&)/%*%U activity ratio diverges significantly
from its natural ratio. An illustration of the iragt of DU contamination on the isotopic
ratio is given in Annex B. For the ratio to appb& in an analytical sample, the mass
of DU would have to be approximately one hundretes the mass of the uranium that is
naturally present. Hence, the lower the naturahium background, the lower the levels
of DU contamination that may be detected by isat@pialysis.

Isotopic quantification is achieved by techniquashsas alpha spectrometry and mass
spectrometry. Alpha spectrometry can detect urania parts per billion, which is
equivalent to mBqg per kg, or to lower levels if obuimes are increased. Mass
spectrometry is more sensitive, but the lower ledeitectable are of no recognised health
significance. Isotopic information can also beldeel from gamma spectrometry
analyses, although limits of detection are not gahe sufficient for measurement of
environmental levels.
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Reference Levels

The Depleted Uranium Firing Environmental Reviewn@uittee (DUFERC), on which
the MOD is represented, has agreed investigatibaratevels for levels of DU in the
terrestrial environment. Reference values forrtfaine environment are taken directly
from legislation and guidance; as discussed below.

For uranium in sediment, the activity concentratoam be compared to the Schedule 1
limit defined in the Radioactive Substances Act38&d Generalised Derived Limits
(GDLs) advised by the Health Protection Agency rfferly the National Radiological
Protection Board) [13 to 15]. GDLs for uranium wdast updated in 2000 and were
referred to by the Royal Society in their studiéshe potential health effects of using
DU munitions [16]. They are based on a 1 milliveie (mSv) potential exposure to a
member of the public: the dose limit set by theeinational Commission on
Radiological Protection (ICRP) and incorporated oK statute [17].

Uranium levels in foodstuffs such as fish, crustaseand molluscs can be compared
against the relevant GDL (expressed as fresh nfake @dible fraction). For biota such
as seaweed, the European Council Food Intervehgoerl (CFIL) for ‘other foodstuff’

is referred to [18].

Reference levels relevant to the Kirkcudbright meusurvey are provided in Table 2.

Activity
Source Reference Level concentration
(mBg/g)

Schedule 1 limit - level at which regulatory

) . 11,100
control is required.

RSA 93

Generalised Derived Limit:
Marine sediment (dry weight)

3% in marine fish (fresh weight) 200

100,000

NRPB (2000)
238 in crustaceans (fresh weight) 1,000

3% in molluscs (fresh weight) 1,000

CEC Regulation | European Council Food Intervention Level|
(Euratom) 2218/89| (CFIL) for ‘other foodstuff’

1,250

Table 2. Reference levels relevant to the Kirkeight marine survey.

In addition to these reference values, it is alsssfble to compare the results with those
of similar surveys carried in the UK. The Radioatt in Food and the Environment
(RIFE)[19] reports present the findings of an annodependent survey carried out by
the Centre for Environment, Fisheries and Aquaceltbcience (CEFAS) on behalf of
the environment agencies and the Food Standardscgge/Nhere possible, monitoring
results are compared against those of the RIFEt®pad other relevant surveys such as
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Reference 20. The latter includes monitoring datsandyhills Bay (also monitored by
Dstl); which is sufficiently close to KTA to be silar in geology, but sufficiently far
away to be considered unaffected by activitiebatrange.

6 Methodology

6.1 The survey methodology includes the sampling aritidal sediment and biota, together
with the measurement of environmental gamma ddss edong the Dumfries coastline.
Underwater sediment and locally caught seafoodsis sampled. The methodology is
outlined in the following paragraphs.

Inter-tidal zone sampling

6.2 Sampling and dose rate measurements were carrieat @l pre-determined locations as
shown at Figure 3. These locations have been nhtosgrovide a suitable distribution of
sampling points spanning the areas likely to beect#fd by the DU firing at
Kirkcudbright. It should be noted that samplingdton No. 5 had to re-positioned due
to problems with gaining access to the area (#hiskely to be the case for subsequent
surveys)

. H h
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Figure 3. Kirkcudbright inter-tidal sampling lotzts 2008.
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The Ordnance Survey of Great Britain grid referarfoe the sampling locations in 2008
are given below:

South Carse NX 99456 59431
Sandyhills Bay NX 89213 55172
Port O'Warren Bay NX 87901 53438
Port Donnel NX 84776 53714
Balcarry Bay NX 82182 49544
Abbey Burn Foot NX 74200 44413
Mullock Bay NX 70996 43765

Lower Nunton Bay NX 66081 48424
. Brighouse Bay NX 63508 45401
0. Carrick Point NX 57599 50722
1. Mossyard Bay NX 55207 52007

RROoO~NoOrwWhE

Inter-tidal sediment was collected from each sangplocation for analysis by alpha

spectrometry. The sediment was collected as dlmsgbe low water mark as possible,

giving due consideration for the safety of the syrteam. Due to the abundance of
available inter-tidal sediment, composite samplesencollected by taking the top few

millimetres of sediment from a number of locatiamdil enough material was collected

to fill a 0.8 litre container. Shells, stones atder unwanted debris were removed from
samples and any excess water was drained off.

Seaweed samples were collected from sampling mtaivhere available for analysis by
alpha spectrometry. The most recent growth of sedwvas collected by cutting the top
5cm of fronds from a number of locations and conmgnthe material to form a
composite sample (approximately 1.8 litre sampléume). The collected samples,
which consisted of a single speciéaugus vesiculos)swere washed in sea-water to
remove any sediment.

Mollusc samples were collected from each samplegtion where found in abundance.
A composite sample was collected in a 1.8 litre @ancontainer and washed in sea-
water to remove any sediment. In 2008, the onljiuso species available for sampling
was the common mussé¥iytilus eduli3. The samples were washed a second time and
boiled on the day of collection to avoid them sipgilbefore analysis. The samples were
placed in a re-sealable bag and frozen prior tasprart to the laboratory for analysis by
alpha spectrometry.

Environmental gamma dose rates were recorded htsasamepling location using the Mini
Instruments 6-80/81 fitted with amMC71 compensated Geiger-Muller tube. The
instrument was allowed to record over a period @ 8econds at three points along the
low water mark and at one point at the high watarknfat one metre above the ground).
The environmental gamma dose rate was derived kingaan average of the four
measurements.

A summary of samples collected and dose rate measnts taken from the inter-tidal
zone is provided in Table 3 overleaf.

DSTL/37610 V1 Page 13 of 39
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Sample Sample type and number of samples Environmental dose rates

area . LWM @ 1m HWM @ 1m
Sediment | Seaweed Mussel _ )

number height height

1 v x x v v
2 v v X ‘/ ‘/
3 v v v v v
4 v v v v v
5 v v v v v
6 v v X ‘/ ‘/
7 v v X ‘/ \/
3 v v v v v
9 v v X ‘/ ‘/
10 v v v v v
11 v v X ‘/ ‘/

Table 3. Summary of inter-tidal sample collecteord measurements 2008.

Notes: LWM: low water mark, HWM: high water mapk, sample not collected

Underwater sediment sampling

6.9 Underwater sediment samples were collected fronto2&tions by use of a scooping
device with a rubberised bag which was lowered theowater at each sampling point.
The sample locations are shown on Figure 4 anddk@rdinates (latitude and longitude)
are provided below:
1. N 5445078 W 0359 782 14. N 54 45375 @/50744
2. N 5445600 W 0359 808 15. N 54 45673 @/50125
3. N 5444527 W 0359 746 16. N 5444136 ®@/50108
4. N 5445569 W 0402577 17. N 54 44575 ®@/50081
5. N 5445032 W 0402541 18. N 54 42 874 W00 311
6. N 5444479 W 0402522 19. N 54 42 750 WOD 290
7. N 5445211 W 0401174 20. N 54 43 235 WO0P 493
8. N 5445083 W 0401 243 21. N 5442 732 WOR 476
9. N 5444827 W 0401391 22. N 54 42 225 WO0P 451
10. N 5444684 W 0401477 23. N 54 43 292 0W00 243
11. N 5444991 W 0358 807 24. N 54 42 785 OWO00 226
12. N 5444856 W 0358 758 25. N 54 42 258 0W00 192
13. N 5445484 W 0357 969
6.10 The exact sampling locations may vary due to thecefof underwater currents on the

sampling rig which was dragged along the sea bediftances ranging from 50 to 100
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metres. The co-ordinates given in paragraph 6d@ldhtherefore be considered as the
approximate centre point of sampling areas of apprately 100 metres in radius.
Sediment collected from the sea-bed was screendgtidgpresence of DU fragments by

Aorpon of the sediment

monitoring using a Mini Monitor and 44B probe.
(approximately 0.8 litres) was sampled for analysiglpha spectrometry.
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Figure 4. Approximate underwater sampling locai@f08 (showing line of fire for each battery).
Page 15 of 39

DSTL/37610 V1
UNCLASSIFIED



6.12

6.13

6.14

6.15

6.16

6.17

UNCLASSIFIED

Locally sourced seafood

Locally sourced seafood is sampled as part of tinecdbright survey to determine the
extent of any potential transfer of uranium throulgé food chain. In 2008, a total of 3
lobsters Homarus gammarys 5 crabs Cancer pagurus and one bag of common
whelks Buccinum undatujnwere purchased for analysis by alpha spectromefiye
samples were boiled on the day of collection betwimg frozen and transported to the
laboratory.

Sample descriptors

Each sample was given a unique sample descripkar inter-tidal and underwater

sediment, seaweed and mussel samples, the desasigtilowed by a number which

relates to the specific sample point. For samplekh do not come from a defined
sample point (e.g. locally sourced lobster); no @anpoint is given. In this case,
samples are given a letter suffix to distinguistwleen them. Some examples of typical
sample descriptors are provided below:

I/T 4: Inter-tidal sediment sample from samplenpdi
U/W 8: Underwater sediment sample from samplet@in
M. edulis 9: Mussel sample from sample point 9

C. pagurusA: Locally sources crab sample (sample A)
Sample preparation and laboratory analysis

Sample preparation took place either at the timeadfection or at the Dstl UKAS
accredited radiochemistry laboratory. Samples waralysed by alpha spectrometry
with uranium concentration reported in mBg/g (eqlewt to Bg/kg) of dry weight. An
outline of the analysis procedure is provided ¥elo

Mussel, whelk, crab and lobster samples were b@lear to analysis and any shells
were removed. The brown and white crab meat wed t@ analysis, but the digestive
tracts were discarded. Mussels and whelks wert/seth as composite samples (the
whelks being divided into six equally sized porshnThe crab and lobster samples were
analysed individually.

All samples were weighed before drying to removestooe and then weighed again

(with results being reported as dry weight). Theples were ashed to remove organic
material and homogenised by hand. During thisgssthe quantity of uranium in each

of the samples remains constant. The ashed samptesboiled in concentrated mineral

acid (nitric acid and hydrochloric acid) to remdfe ‘loose’ and leachable uranium from

the sample. Recalcitrant matrices such as mirgreahs are not broken down by the

process and hence the natural uranium within thaswot extracted. The samples were
filtered to remove solids.

Uranium separation was carried out by extractiommiatography. Each eluted sample
was electro-deposited onto a stainless steel pddtechnd the activity of each planchette
was counted in a low background, silicon surfaceidra alpha spectrometer.
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7 Results and Interpretation

7.1 A summary of the results for all marine sampledectéd in 2008 is given below in
Table 4. The full marine monitoring results are providedTiables 5 to 9 in Section 11.
Historical monitoring results for the KTA for theegrs 1996 to 2008 are presented in

Appendix A.
No. ?f Total uranium concentration (mBg/g)
S T Nun;ber Ss?s?b?; Standard
ampie 1ype Sar(:wples containing| pjean deviation | Minimum | Maximum
detectable of the
DU2 mean
Inter-tidal 11 0 22.3 8.6 11.3 35.8
Sediment
Seaweed 10 0 8.9 2.6 53 12.3
Mussels 5 0 7.7 1.5 5.7 9.6
Lobsters 0 0.2 0.1 0.1 0.3
Whelks 0 1.0 0.2 0.8 1.4
Crabs 0 0.3 0.1 0.2 0.5
Underwater 25 7 26.3 25 23.0 31.9
Sediment

Table 4. Summary of sample analyses - KTA 2008.

Inter-tidal zone and biota sampling

7.2 Environmental gamma dose rate measurements fointbetidal monitoring locations
are provided in Table 5. Measurements ranged fidfto 163 nGy/h. Considering the
natural variation in background dose rates, theselts are generally consistent with
those recorded in previous surveys of the inteattzebne [1-11]. Measurements recorded
over salt marsh near Kirkcudbright and reportetheanmost recent RIFE report (average
75 nGy/h) [19] are slightly lower, although highsackground dose rates are routinely
observed in the intert-tidal areas due to the difieunderlying geology.

7.3 Alpha spectrometry analysis results for inter-tidaldiment samples are provided in
Table 6. No sample was radioactive within the negsiof RSA93; nor exceeded 0.04%
of the GDL for marine sediment [15]. In terms ofa uranium content, the results lie
within the typical range reported in the literatufgonsidering measurement uncertainty)

2 An underwater sediment sample may contain DU ifids a?*®U/%U isotopic ratio above a value of 0.8 (after
subtraction of the measurement uncertainty). Ha&mweratios of around 1.0 were recorded even befdgefirings
began; further information is provided in Annex @daD. For inter-tidal sediment and biota, samples assumed to
contain a degree of depletion if the isotopic rataeeds 1.0 (following subtraction of measurem@gcertainty).

DSTL/37610 V1 Page 17 of 39
UNCLASSIFIED



7.4

7.5

7.6

7.7

7.8

7.9

UNCLASSIFIED

and are consistent with the results of previouseys [1-11]. The results also compare
favourably with the level of*®U found at Sandyhills Bay during an environmental
survey of UK coastal regions (14 = 0.4 mBqg/g dryighe) [20] and with the sediment
sample results reported by CEFAS in 2008 [19] f&seeex D).

Within the range of measurement uncertainty, tio¢ogc ratios for all the inter-tidal
sediment samples were below 1.0; indicating thatlanium present is of natural origin.

Analysis results for the 10 inter-tidal seaweed [gas . vesiculosusare provided in
Table 7. The levels of total uranium detected weve (5.3 £ 2.2 to 12.3 £ 3.9 mBq/qg)
and represent less than 1% of the CFIL for ‘otloerdftuffs’. The measured levels of
238 were similar to that found previously at SandghBay (3.8 + 0.1 mBg/g)[20] and
lie within the typical UK range reported in theeliature (3.8 to 18.6 mBg/g) (see Annex
D). Isotopic ratios are indicative of naturallgooirring uranium.

Alpha spectrometry analysis results for biota s@slre presented in Table 8. It should
be noted that GDLs and biota results reported biFAZE[19] are expressed as activity
per fresh mass. In contrast, Dstl results are esgad as activity per dry weight;
resulting in higher activity concentrations. Irder to directly compare the results, it is
necessary to convert the reported result to frealsnactivity concentrations using the
recorded wet:dry ratio (the preparatory drying stkgads to an average reduction in mass
of approximately 70%). The biota results are dised further in the following
paragraphs.

A total of five mussel Nl.edulig samples were analysed in 2008. The total uranium
content ranged from 5.7 + 0.6 to 9.6 + 0.9 mBg/ty (Weight) and the level of®U
ranged from 2.7 £ 0.4 to 4.3 = 0.6 mBqg/g (dry wéjgh Converting these activity
concentrations to wet weight using the wet:dryoraghows that no sample exceeded
0.1% of the GDL for molluscs (1000 mBg/g fresh miasehe mussel sample results are
slightly above that reported previously from SantyhBay (1.1 £+ 0.1 mBqg/g dry
weight)[20] but are consistent with the natural kzaound levels of*®U in mussels
reported in the most recent RIFE report, consideconversion to activity per fresh mass
(0.89 mBqg/g fresh weight)[19]. Isotopic ratios ardicative of natural uranium.

Similarly, the levels of*®U in the 6 whelk B.undatun) samples represent less than
0.01% of the GDL for molluscs (converting to freshss). They are also consistent with
the natural background levels reported in RIFE [1Bhe total uranium ant®U values
ranged from 0.8 £ 0.2 to 1.4 = 0.5 mBqg/g and 0@.1+to 0.7 £ 0.3 mBqg/g respectively.
Isotopic ratios are indicative of natural uranium.

Of the five crab €. paguru$ samples analysed, only two had detectable lesfetd®U.
These relate to less than 0.01% of the GDL fortaagans, considering a conversion to
fresh weight, and are broadly consistent with thekiground levels for crabs reported in
RIFE [19]. Where a calculation was possible, ipataatios indicate that the uranium
was of natural origin.

® Minerals containing uranium are widely distributéaioughout the Earth’s crust and the concentratiohnatural
uranium found locally can vary significantly due dbanges in the underlying geology. Consequetttigte is no
single, definitive, reference level for uraniumsails and sediments; although there is broad ageem the typical
range of values published in the literature. Tgpicalues in the UK range from 3.6 to 32.3 mBq/gy (deight) [see
Annex D], but values exceeding 100 times this tgbrange can be found locally.

Page 18 of 39 DSTL/37610 V1

UNCLASSIFIED



7.10

7.11

7.12

UNCLASSIFIED

No #*®%U was detected above the lower limit of detectiorany of the three lobsteH(
gammaru¥samples analysed.

Underwater sediment sampling

A total of 25 underwater sediment samples wereectdll in 2008. Screening of these
samples with a Mini Monitor and 44B probe did natlicate the presence of any
fragments of DU. Alpha spectrometry analysis rssaite shown in Table 9. No samples
were radioactive within the meaning of RSA93 oreeded 0.02% of the GDL for
marine sediment. The measured level$®8f (11.1 + 1.8 to 18.1 + 4.5 mBq/g) lie
within the typical UK coastal sediment range of &162.3 mBqg/g (see Annex D). The
total uranium levels are generally consistent thibse found in previous surveys [1-11].

The 2%0/%%U ratio for 18 of the 25 samples were, within tl@ge of measurement
uncertainty, in agreement with values generallyortgg in marine sediment (see
Annex C). Seven of the samples had isotopic ratiosh were greater than the typical
value of 0.8 (ranging from 0.9 to 1.0 after sultiatof the uncertainty). However, this
is not unexpected as isotopic ratios of aroundhaye been recorded in sediments from
around Kirkcudbright even before DU munitions tegtibegan. In any case, the
radiological implications of these results are gnsficant as the levels &f®U in these
samples do not exceed 0.02% of the relevant GDL.
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Evaluation of Potential Exposure Pathways

Any contamination of the marine environment with [@ould result in three potential
exposure pathways for humans, as described below:

* External radiation exposure from contaminated sediror seaweed;
* Inhalation of re-suspended DU contamination and
* Ingestion of seaweed or food products contaminaigdDU

External radiation exposure

The measured radiation levels on the inter-tidahezare consistent with natural
background levels. Furthermore, background lewdlsiranium isotopes have been
found by alpha spectrometry of inter-tidal sedimgmiples. The measurements carried
out are sensitive enough to detect radiation al$efar below anything which could be
considered as a health risk; it is therefore cateduthat there is no risk from external
radiation resulting from the firing of DU munitioas KTA.

Inhalation of re-suspended DU

DU which has been deposited on sediment may becmysispended in the air
especially if it is attached to items which are jeabto disturbance (e.g. fisherman’s
netting). Once the DU has been re-suspended inith# is then possible to be inhaled
by persons in close proximity. However, the leva@siranium identified in this report

are consistent with those expected as a resulatfral background radioactivity; the
amount of*®U representing a very small fraction of relevantl@D It is concluded that

the risk from inhalation of re-suspended DU isgngicant

Ingestion of DU contaminated foodstuffs

The levels of uranium isotopes found in biota samplvere consistent with those
expected due to natural background radioactivity r@presented a very small fraction of
the relevant GDLs. This indicates that, in terrhpatential DU contamination, there is
no risk associated the consumption of locally sedifoods in the Kirkcudbright area.

Although the inadvertent consumption of seawatemigynbers of the public is possible,
it was recommended by SEPA in 2001 to discontitgedampling of seawater. The
basis of this recommendation was that the immeiisgoth of the Solway would never
give rise to detectable levels of DU or to any gigant radiation exposures.
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9 Conclusions

9.1 The 2008 annual Kirkcudbright marine monitoringgnaamme was undertaken to assess
the levels of any DU in the environment resultingni firing of DU munitions. The
monitoring programme involved the sampling of iridal sediment and biota, together
with the measurement of environmental gamma ddss edong the Dumfries coastline.
Underwater sediment and locally caught seafood aisiee sampled.

9.2 The findings of the survey indicate that the levelsuranium present in the marine
environment are largely indistinguishable from makuackground radioactivity. None
of the samples were radioactive within the meamht¢he Radioactive Substances Act
1993; nor did they exceed a very small fractiontlod Generalised Derived Limits
advised by the Health Protection Agency.

9.3 The results of the 2008 survey agree with those fppevious years and do not indicate
any health or environmental impact from the firiofDU. There is no evidence to
indicate that members of the public are exposedntp radiological hazards from the
marine environment as a result of test firing DUnhaumition at Kirkcudbright.
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11 KTA Marine Survey Results
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:erirflt?enr Location Average dose rate (nGy/h) (n = 3)
1 South Carse 115
2 Sandyhills Bay 134
3 Port o’'Warren Bay 154
4 Port Donnel 143
5 Balcarry Bay 163
6 Abbey Burn Foot 141
7 Mullock Bay 163
8 Lower Nunton Bay 126
9 Brighouse Bay 130
10 Carrick Point 128
11 Mossyard Bay 142

Table 5. Inter-tidal environmental gamma dosesrat€TA 2008.

Sample Wet | Dry |/Ashed Measured Activity of Dry Sample (mBg/g) Ratio of
DescriptorWelghtwelghtwelght 238 238, 234 TomlU | 202U
@ | @ | @

IT1 499.0 | 1251 | 1200 | 79 + 15 < 05[71 + 14[154 + 20|11 + 03
IT2 419.5| 50.9 | 496 |154 + 24|07 + 04178 + 2.7|339 + 37[09 + 0.2
IT3 429.1 | 23.0 | 226 |12.6 + 19|04 + 022|122 + 1.9]|252 + 27[10 + 0.2
IT4 467.8 | 16.1 | 157 | 61 + 1.3 < 06[49 + 11[113 + 17|13 + 04
IT5 451.7 | 109 | 10.1 |13.7 + 2.2 < 05[131 + 21[272 + 30|11 + 0.2
IT6 649.8 | 106 | 103 | 6.7 + 1.3 < 05[87 + 16[157 + 20|08 + 0.2
IT7 509.9 | 10.3 | 94 [17.9 + 28|07 + 0.4|172 + 27(358 + 39[10 + 0.2
IT8 4905 | 12.9 | 124 | 9.0 + 17 < 07[93 + 18[187 + 25|10 + 03
IT9 469.2 | 11.7 | 113 | 67 + 14 < 0.6[79 + 15/147 + 21]|09 = 02
IT10 483.8 | 109 | 106 | 84 + 1.6 < 06[80 + 16[/16.6 + 22|11 + 03
IT11 512.5| 144 | 13.3 |148 + 25|07 + 0.4|152 + 25(306 + 3.6 (10 + 0.2

Table 6. Intertidal sediment: alpha spectrometiglysis results showing total uranium and isotoptos - KTA 2008.
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Sample | Wet | Dry Ashed| Measured Activity of Dry Sample (mBg/g) :
Descriptorweight| weight| weight| 5, 23 23 Jxatio of
& U U Total U & A
(9 | (9 (9)
F. vesic’ 2 163.1 | 35.3 9.8 49 + 09|03 + 02|58 + 1.0|11.0 + 14|08 += 0.2
F.vesic’ 3 191.2 | 45.7 19.0 |43 + 0.9 < 04|47 + 09|91 + 13|09 + 0.3
F.vesic' 4 188.8 | 46.6 11.4 < 23 < 23|31 + 17|53 =+ 22([N/A N/A
F.vesic' 5 234.3 | 54.0 12.7 |5.0 + 1.3 < 07|57 + 14|109 + 19|09 + 0.3
F.vesic’ 6 213.4 | 43.2 9.6 52 + 09|04 + 02|57 + 09113 + 13|09 + 0.2
F.vesic' 7 163.8 | 45.6 104 |35 + 0.6 < 02|38 + 07|74 + 09|09 + 0.2
F.vesic’ 8 162.7 | 34.9 7.6 24 + 05 < 02|28 + 05|53 + 07|09 + 0.2
F.vesic' 9 197.6 | 46.8 111 |3.0 + 0.6 < 02|34 + 06|66 + 08|09 + 0.2
F.vesic’10 | 179.5| 50.8 15.7 |47 + 0.8 < 03|48 + 08|95 + 12|10 + 0.2
F.vesic’11 | 155.9 | 35.2 8.8 51 + 25 < 25(6.1 + 28123 + 39|08 * 0.6
Table 7. Seaweed samples: alpha spectrometrysamadsults showing total uranium and isotopicosatt KTA 2008.
Sample Wet | Dry | Ashed| Measured Activity of Dry Sample (mBqg/g .
D it weight|weight| weight 2§at'§3°f
escriptor 238U 235U 234U Total U 8U/ 4U
@ | (@ | (9
M edulis 3 113.1 | 28.8 25 |27 + 04(01 + 01|29 + 05|57 + 0.6(0.9 +0.2
M edulis 4 96.3 23.7 18 |39 + 06|02 + 01|48 + 08|88 + 1.0/08 +£0.2
M edulis 5 81.5 19.5 1.7 |43 + 06|02 £+ 01|51 + 07|96 + 09|08 +0.2
M edulis 8 98.5 25.3 20 (33 = 0.7 < 02|41 + 09|75 + 12|08 £0.2
M edulis 10 116.5 | 29.5 24 |33 + 05(02 + 01|35 + 05|70 + 0.7(1.0 £0.2
B.undatum A 157.1 | 38.6 30 (0.6 = 0.2 < 0.1(06 * 02|12 + 02|10+ 0.4
B.undatum B 144.0 | 35.3 29 (05 + 0.2 < 0.3(04 + 02|09 + 03|14 +1.0
B.undatum C 150.7 | 38.9 31 (04 + 0.1 < 0.1(04 + 0.1({0.8 + 0.2|(0.9 +£05
B.undatum D 147.2 | 38.3 29 (05 + 0.1 < 0.1(05 + 02|10 + 0.2(0.8 +£0.3
B.undatum E 142.6 | 34.0 3.2 (0.7 =+ 0.3 < 0.3(06 + 03|14 + 05|11 +0.8
B.undatum F 149.3 | 39.1 30 (05 + 0.2 < 0.1(05 + 01|10 + 0.2(11 +05
C. pagarus A 80.5 19.9 1.9 < 0.2 < 0.2 < 0.2]/0.3 + 0.1|N/A
C. pagarus B 128.9 | 37.5 34 (03 = 0.1 < 0.1(03 + 0.1({05 + 0.1({10+0.4
C. pagarus C 131.3 | 334 2.4 < 0.2 < 0.2 < 0.2]/0.2 + 0.1|N/A
C. pagarus D 105.0 | 29.2 27 (01 + 0.1 < 0.1(02 + 01|03 + 0.1(0.6 +£0.3
C. pagarus E 156.7 | 60.3 55 < 0.1 < 0.1(01 + 0.1(0.2 + 0.1|N/A
H. gammarus A| 134.2 | 36.4 2.5 < 0.1 < 0.1(01 + 0.1(0.2 + 0.1|N/A
H. gammarus B| 106.2 | 25.9 2.2 < 0.2 < 0.1(03 + 0.1(0.3 + 0.1|N/A
H. gammarus C| 151.4 | 40.6 2.7 < 0.2 < 01 < 0.1]/0.1 + 0.0|N/A

Table 8. Biota samples: alpha spectrometry armhgsiults showing total uranium and isotopic ratigg A 2008.
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Sample V\/_e’:] D.ryh Ashehd Measured Activity of Dry Sample (mBq/qg) Ratio of
descripto weight | weight | weight 238, 235 224 Toral U | 28 224y
(9) (9) Q)
uw1 530.1 | 19.4 186 [132 + 21|06 + 0.3[10.7 + 18[245 + 27[12 + 0.3
uw2 462.7 | 105 100 [145 + 23|09 + 04[147 + 24[30.1 + 3.4[1.0 + 0.2
uws3 516.7 | 12.8 122 [116 + 20 < 0.6]11.9 + 2.0[241 + 28[1.0 + 0.2
uw4 525.2 | 13.9 13.3 [116 + 1.9 < 05]/11.0 + 1.8[23.0 + 2711 + 03
UWS5 535.0 | 11.0 106 [12.9 + 2.1 < 0.6|151 + 2.4[284 + 32[09 + 0.2
UwWe 525.0 | 20.2 19.3 [13.0 + 2.1 < 05119 + 1.9[253 + 28[11 + 03
uw? 535.4 | 18.4 176 [122 + 2.0[/05 + 0.3[11.9 + 20[246 + 28[1.0 + 0.2
uws 520.5 | 26.6 254 [142 + 23[07 + 04]126 + 21]275 + 3.2[11 + 03
uw9 565.4 | 18.7 179 [136 + 23|08 + 04[13.6 + 23[279 + 33[1.0 + 0.2
Uw10 521.6 | 30.1 290 [130 + 21[07 + 04]105 + 1.8[241 + 28[12 + 03
uwil 503.8 | 16.1 154 [153 + 25|06 + 04[129 + 22[288 + 34[12 + 03
Uwi12 508.2 | 15.2 146 (140 + 24 < 06]116 + 21[261 + 3.1[12 + 03
K 514.0 | 15.1 140 [145 + 25|08 + 05[141 + 25[(294 + 35[1.0 + 0.3
uwi4 535.2 | 21.6 208 |126 + 22 < 0.6]116 + 2.0[247 + 30[11 + 03
UW15 503.8 | 12.1 116 [131 + 22|06 + 04[123 + 21[(260 + 3.1[11 + 03
UW16 539.5 | 32.9 3.7 |121 + 21 < 0.6]113 + 2.0[236 + 29[11 + 03
uwi7 540.6 | 16.2 155 [12.6 + 2.2 < 0.7]103 + 1.9[232 + 3.0[12 + 03
uw1s 513.3 | 14.0 133 [114 + 19|08 + 04[11.8 + 20[240 + 28[1.0 + 0.2
uw19 504.2 | 15.0 143 [18.1 + 45 < 2.0]133 + 36[319 + 58[14 + 05
Uw20 503.6 | 12.7 121 [144 + 22|09 + 04[147 + 23[300 + 32[1.0 + 0.2
uw21 515.2 | 20.0 19.0 [139 + 22|08 + 04[13.7 + 22[284 + 32[1.0 + 0.2
Uw22 505.2 | 17.8 169 [138 + 21|05 + 0.3[126 + 20[269 + 29[11 * 0.2
uw23 522.1 | 18.9 181 [11.1 + 1.8[/09 + 04[11.3 + 18[233 + 26[1.0 + 0.2
uw24 534.1 | 11.9 11.4 [128 + 20|13 + 05[11.6 + 19[258 + 28[11 * 0.3
UW25 508.7 | 19.2 18.3 [136 + 21|07 + 0.4[124 + 20[26.7 + 29[11 + 0.3

Table 9. Underwater sediment: alpha spectromeiajyais results showing total uranium and isotoptms — KTA 2008.

Note: Activity results have been rounded to oneirdal place. All uncertainties are stated at a ¥@#tfidence level.
Limits of Detection (LoD) are calculated by a ‘mfigd Currie formula’ at 95% (Hurtgen C., Jerome€SWoods M.

(2000) ‘Revisiting Currie — how low can you go®plied radiation and Isotopes3 pp 45-50). The total activity is

calculated from the sum of the actual activitiesdach isotope, regardless of the quoted LoD. &fbeg, in Tables 6 to
9, where activities are reported as less than LaDahy of the uranium isotopes, the total uraniatue may not be
equal to the sum of the individual isotopic values.
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Historical Data

To allow historical comparison, data from KTA marisurveys from 1996 to 2008 is presented in
the following Table 10. This includes inter-tid@diment, underwater and biota samples.
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%gép'e 1996 1997 1998 1999 2000 2001 | 2002 | 2003 2004 2005 2006 | 2007 | 2008
Inter-tidal 11.9-38.1| 14.3-19.0 | 12.2-31.8 | 11.0-32.6 | 2.2-44.7 | 10.7-31.1 | 12.0-31.9| 9.8-714.4 | 4.2-35.0 9.8-24.5 7.5-299 | 6.9-27.6 | 11.3-35.8
sediment (20) (20) (20) (20) (20) 9 (20) (20) (1) (1) (11) (1) (11)

(0.9-1.2) (0.8-1.2) (0.6-1.2) (0.9-1.1) (0.8-1.2) (0.9-1.4) | (0.9-1.2)| (0.8-1.3) (0.9-1.3) (0.8-1.3) (0.8-1.3) | (0.9-1.1)| (0.8-1.3)

Seaweed 8.7-26.7 9.8-22.7 5.0-19.6 7.8-14.1 1351 6.8-12.1 | 0.2-16.7 | 7.2-34.2 9.2-22.6 4.9-18.2 6.9-16.0 | 10.7-25.6| 5.3-12.3
9) (9) 9) (9) (9) (7 9) 9) (9) (10) 9) (10) (10)

(0.7-0.9) (0.8-1.1) (0.8-1.2) (0.8-1.3) | (0.9-1.1) | (0.8-1.3) | (0.7-1.2) | (0.7-0.9) (0.8-1.0) (0.8-1.2) (0.8-1.0) | (0.5-1.1) | (0.8-1.0)

6.8-14.9 4.3-11.4 7.6-12.2 6.6-11.1 3.6-7.2 2.9-11.6 | 6.4-10.5 5.6-7.4 4.0-7.8 5.1-10.7 2.6-12.6 | 4.8-12.0 5.7-9.6
Mussels (8) (8) (5) () ) (7 (5) () (4) 4) (7 Q) ()

(0.8-1.1) (0.8-1.1) (0.8-1.1) (0.8-1.1) (0.8-0.9) (0.3-0.9) | (0.9-1.0)| (0.7-0.9) (0.8-0.9) (0.9-1.0) (0.9-1.1) | (0.6-0.9)| (0.8-1.0)

2.5-3.0 0.2-0.4 2.0-3.7 1.1-39.4 0.7-2.9 0.1-0.1 0.4-1.2 0.8-1.4

Whelks x x 3 4 0.6-1.3 (8) (8) x x (6) 4 (8) (6)

(0.8-1.0) (0.3-1.3) (5) (0.5-1.4) | (0.940.5) (0.8-1.6) (n/a) (0.9-1.1) | (0.8-1.4)
2.8-3.5 2.8-3.2 0.7-1.1 (0.5-1.6) 2.8-13.3 1.5-33.0 2.8-3.1 2.8-13.3 0.1-0.2
Scallops x 4) 3) 4) (8) x (6) 2 3) 4) x x
(0.8-1.0) (0.8-1.1) (1.3-1.5) (0.7-1.6) (n/a) (0.9-9.9) (n/a) (n/a)
0.6+0.3 0.3-0.4 1.2-2.3 0.8-23.8 0.1-2.3 0.4-1.6 0.1-0.6 0.4-0.8 0.2-0.5
Crabs x ) x (2) (2 4) 3 x (6) ®) (3) (5
(0.9 £0.5) (15-1.7) | 0214 | (0.9-1.0) | (0.90.5) (n/a) (n/a) (nfa) | (1.6:0.8) | (0.3-0.4)
0.2+0.1 0.3-0.3 © (18)3 7) 2.4-3.2 1.2-1.8 0.3-34 04+0.1 0.4-0.9 0.1-0.1 0.1-0.2 0.1-0.3
Lobsters x x @) (2) o 4 ) 3 3) “4) 2 “4) 3
(n/a) (0.1-0.5) (0.7-1.6) (n/a) (n/a) (1.0£0.9 (n/a) (n/a) (n/a) (n/a)
Underwater| 22.3-30.0 | 22.3-27.2 | 21.1-28.0 | 15.4-32.1 | 0.2-12.8 | 19.3-31.0 | 15.2-30.4| 20.2-30.9 | 17.0-33.2 | 16.3-24.3 | 16.6-26.6 | 19.5-42.3| 23-31.9
sediment (6) (6) (6) (6) (6) (34) (33) (36) (64) (18) (25) (25) (25)
(0.9-1.2) (0.9-1.1) (0.9-1.1) (0.5-1.1) (0.8-1.3) (0.8-1.3) | (0.9-1.2)| (0.9-1.2) (0.8-1.2) (0.9-1.3) (0.8-1.3) | (0.8-1.3)| (0.9-1.4)
Table 10. Historical summary of total uranium dwatopic ratios for sediment and biota samples 163808.

Notes: Values provided on the top row show thgeaof total uranium values in mBg/g (e.g. 1.5 9.3 Phe value in bold shows the total number of @antollected
(e.9.(12)). The values in the bottom row show the rang&f/***U isotopic ratios (e.g0.8 — 1.1). Measurement uncertainties can be found in tineial reports.
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ANNEX A Issues to be considered when interpreting or comparg uranium

Al

A2

A3

A4

A5

data

There are a number of issues that may give risantertainties when interpreting or
comparing uranium data as shown below. Furthermndtion is available from Reference
[A1].

. analytical technique;

. statistical variation;

. spatial variability;

. temporal variability; and

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

Sediment sample results may be reported as eitileveight or wet weight depending on
whether the masses of the samples were obtainedtprior 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 sexhit data, which may be reported as
wet weight. Samples reported as dry weight wipegr to have concentrations of uranium
approximately 20% higher than those reported asneeght (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 a Eampy 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 analysisimélude all uranium, including that
which is contained within the mineral grains, wlasrdeached samples will only contain
uranium that is either easily dissolved or is fixedthe surfaces of mineral grains. This
limitation is acceptable as the primary purposthefenvironmental survey is to assess any
levels off DU in addition to naturally occurringamium. However, this limitation causes a
conservative bias on tf&U/***U isotopic ratios for mineral samples and othealeitrant
matrices. Total sample analysis techniques sudmasna spectrometry will give results
similar to those for total dissolution. Given ttéferences between the results for total
analysis and leached analysis care should be taken comparing sets of data to ensure
that either the same approach has been used dliffieaénce are appropriately discussed.

Uranium concentrations in seaweed may be affecyedonmtamination of surfaces with
sediment particles. Preparation of seaweed fdiysisanay or may not involve a washing
stage; hence it is important to be aware of thegmation approaches that have been
applied when comparing the results of differentisssd analyses.

Seaweed and marine biota sample results may betedpas either dry weight or wet
weight depending on whether the masses of the ssnwpére obtained prior to or after
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drying. For marine biota, samples reported as dmgighat will appear to have
concentrations of uranium higher than those redasiewet weight. The relative increase
in uranium concentration will depend on the moistaontent, and can be as much as
300% for biota with high water content such as osus.

Statistical variations

There will be minor variations between the truenuren content of a sample and results
produced by analysis. This variation is highlighten the counting statistics for the

technique. The statistical uncertainties of labtmwaresults are likely to be small in

comparison with the true variation in activity besm samples.

Spatial variations

DU contamination will not be uniformly distributedithin a sampling area, but will
depend on factors such as water flow, tidal movesn@md sediment drift. Repeat
sampling and analysis of sediments from within asaamay therefore give rise to a
significant degree 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. Veins richuranium minerals occur naturally along
the coast of the Solway Firth, such as uraninitenébat Needle’'s Eye, approximately 24
km away from KTA on the north coast of the estuamhese features are thought to be
present across the region, although this has rest beidied [A2,A3].

Temporal variations

There will be natural temporal variations in thanium concentration and the abundance
of the various isotopes in the samples, due toosehvariations in rainfall. Rainfall can
impact on the dissolution of uranium and its migmain surface waters.

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).

Marine plant uptake of radionuclides is affectedtly period in the plant growing cycle.
This phenomenon also occurs in animal uptake abratlides within their life cycle.

Species variations

Plant uptake of radionuclides is affected by thdstate characteristics (uranium
concentration and speciation as well as other @oysico-chemical characteristics) and
varies with plant species.

Animal uptake of uranium is affected by their Iifabits, feeding patterns, physiology and
the uranium concentration in their foodstuffs amel ¢énvironment.
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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 aSDS proporti in 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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ANNEX C Variability of uranium concentration and uranium is otopic ratios in
marine environmental samples

C1l There are few specific examples that demonstrate variability of uranium
concentrations and isotopic ratios within marini@mmental samples. In order to
understand this variability, it is useful to coresidhe flux of uranium between the various
components of the marine environment.

C.2 Uranium occurs naturally in seawater and its cotraéon generally varies in proportion
to salinity. It is present in open seawater af@@rage concentration of 82.5 + 5 Bd/m
with a2%*U/?%U activity ratio of 0.88 + 0.03 at a salinity of 3%. The isotopic ratio of
seawater is below unity 83U is preferentially mobilised from the soil duriegemical
weathering, thus enhancing its presence in sea\@le& C2]. The physical mixing of
low uranium river watérand high uranium sea water in estuary environmgeterally
results in a dilution of uranium in the estuarinexttevs. As a result, uranium
concentrations in estuarine water are mostly lotlvan open ocean values and increase
linearly with salinity [C2].

C.3 Concentrations of uranium in marine sediment aréalkke (from 32.5 to 1,625 mBqg/g
dry weight) and vary primarily as a function of peology of the area.

Sample Type Uranium Concentration | Typical 2>U/%%U ratio
Sea water 82.5 Bgfin 0.88
Estuarine water <82.5 Bgfm <0.88
Marine sediment’t®U 32.5-1,625 mBa/g 0.81
only)
C4 Levels of uranium also vary depending on the typsediment present, as the physical

and chemical characteristics of the sediment deteritihe amount of uranium which is
concentrated from marine waters [C2 & C3]. Bottv loxygenatiof and low salinity
provide favourable conditions for uranium scaveggfimrom the water column by a
variety of processes. These include the precipitaif uranium rich colloids into the low
salinity zone and the reduction of uranium intmiaoble forms [C3 & C4].

! Concentrations of uranium in rivers vary considgralith carbonate and dissolved solids concerdreti with an
average of 7.5-15 Bgfinand an isotopi®®U/**U activity ratio of 0.77-0.83 &3 is preferentially mobilised during
chemical weathering.
% Low oxygenation is found with increasing depth amxteasing organic content

Low salinity is dependent on river rate of flowpgimity to river outflow and depth of water
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Reference values for uranium in the Solway Firth ad the UK

For UK coastal sediment*®U concentrations generally range from 3.6 to 32.3
mBg/g of dry weight [D1]. Values reported for intedal sediment uranium
concentrations in the Solway Firth vary with loocatiand the specific uranium rich
geology of the area.

Values for*®U, U and®*U for sediment collected at Kirkcudbright in 200@ne
reported by CEFAS as 10, 0.92 and 13 mBg/g of dright respectively[D2].

Values reported fof*®U concentrations at Sandyhills Bay, in southwesitlnd,
were lower than worldwide average values for seemwahd sediment reported in
ANNEX C. Seawater and sediment from Sandyhills Bag?*®U concentrations of
40 + 3 Bg/m and 14t 0.4 mBqg/g dry weight, respectively [D3]. No otheanium
isotopes were measured, so no indication of isotaiio could be provided.

However, semi-quantitative analysis of shore sedinsamples obtained from the
mudflats offshore from the uraninite vein, locaseggproximately 24 km east from
KTA at Needle's Eye, yielded uranium values of opseveral hundred parts per
million. These activities were measured both adoopen, oxygenated root channels
and in near surface peat material. This analyassssiggested that uranium disperses
seawards and in ground waters, and is retardeflisnbly organic material in the
sediment [D4].

Sample Location Activity per fresh | Activity **U per

weight (mBg/g) | dry weight (mBg/qg)

Seaweed

[D3] Sandyhills Bay 3.8+0.1
[D3] UK 3.8t0 18.6

Mussel

[D3] Sandyhills Bay 1.1+0.1
[D3] UK 1.01to0 37.1

Mollusc

[D3] Sandyhills Bay(winkle) 2.72+0.01
[D3] UK 1.36t0 18.9
[D2] UK (mollusc & winkle) | 0.89
[D2] Parton (winkle) 1.3

Crab

[D2] UK 0.046
[D2] Parton 0.052

Lobster

[D2] UK 0.035
[D2] Parton 0.028

D.5

Literature values reported féf%U in seaweed and marine biota samples for the
Solway Firth area are shown in the table above; @ported are estimated values of
238 from natural sources in aquatic foodstuff for ti¢ given by CEFAS [D2, D3].
Analysis results from Parton (near Whitehaven)adse included, although it should
be noted that the uranium inventory at Parton isnidated by historical
anthropogenic input of natural uranium from a lq@absphate processing plant.
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