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Sellafield

B Located 180 km from the east coast
of Ireland

® The most significant source of ol
artificial radionuclides in the Irish
marine environment

m Activities produce both aerial
discharges and the discharge of low-
level liquid radioactive waste into the
eastern Irish Sea
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Sellafield

Principal activities at Sellafield
iInclude:

B Fuel reprocessing
B THORP (ends 2018)
B MAGNOX (ends 2017)

B Spent fuel storage

® Vitrification of high-level
radioactive wastes

® Decommissioning of obsolete
plants

orage of reprocessed £\ e -

' Environmental Protection Agency

An (Inlomgireatit om Dhacambm Comhseodl




Reprocessing of fuel through THORP
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Liquid Discharges 2014

Radionuclide Authorised Limit (TBQ) Discharge (TBQ)
Category
Tritium 20000 1350
Carbon-14 21 5.35
Cs-137 34 2.65
Sr-90 45 1.63
Tc-99 10 1.27
Pu-238 + Pu-239,240 0.7 0.15
Cs-134 1.6 0.06
Co-60 3.6 0.05
-241 0.3 0.02
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Liquid Discharges of Transuranic elements
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Liquid Discharges of Technetium-99
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Radioactivity in the marine environment

® Primary focus is to
assess:

B Radiation doses arising from
Sellafield discharges

B Distribution of artificial
radionuclides
B Sampling of:
B Seawater
B Biota
B Sediment

B Cs-137, actinides (Pu,
-241), H-3, Tc-99
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Measurement Techniques

B Radio-caesium in biota, seaweed and sediments
B Direct gamma spectrometry after drying and homogenisation

M Caesium In seawater

B Extraction with AMP-PAN resin followed by gamma spectrometry in
HPGe well detector (Pike et al. 2013)

________________________________________________________________________________________________________________________________

B Actinides
B Sequential extraction of Pu and Am using extraction chromatography

W Tc-99
B Currently carried out by contracted third party via ICP-MS
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Actinide analysis — Pu and Am extraction
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B Extraction o prepatn

*+— Sample pre-treatment

C h ro m atog rap hy u Si n g <+— Oxalate precipitation

4— Ferrichvdroxide precipitation

TEVA and DGA reSinS Sample dissolvedin 8MHNG: /NaMNO:

20mIgMHCI
1800 50 ml 8MHNO: 20 MISKHSI A MHI
Puze I v I
1350 TEVA (2ml} TEVA (2ml)
25 ml05MHCEDO3M MNaMO: in e > in
S HMO; M HMNO:
Pu230.240
50ml0.5M HNO:—l | |
900+ Th‘—l
DGA(2ml) DGA (2ml) 4—— Evaporate to dryness
in [----- in
450+ 8M HMO: BM HMO: v
Pu-238 Pu
U 1—‘ I:I
}
4000 4500 5000 5500 6000 Am fraction Waste
e
1200+ Evaporateto drvness ——»
Ay Sample dissoledins mlof ZMHM.SCHNin 0. 1MHCOOH
$0= 40 MIZMNH.SCNin 0. 1M HCOOH
— 20mI MM MNHSCHin 0 AMHCOCH
600 25ml 2MHCI
Yy vy I
Am2ét
TEWA (2ml)
300+ 2ZM MHSCMin
0 IMHCOOH
Loy <—L|—|

Environmental Protection Agency

An Ghnlomigireacit om Dhacmbny Comhsheodl




Cs-137 In seawater
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Radioactivity in biota 2013

Species Concentration (Bqg/kg, fresh weight)

Fish 0.06 — 0.58 nd

Lobster 0.33 54 0.009 0.047 0.007
Mussels 0.25 0.98 nd nd 0.05
Oysters 0.11 0.32 nd 0.005 0.02
Prawns 0.04 nd 0.006 0.035 nd
Winkles 1.03 4.8 - - -
Seaweed 0.35 44.1 - - -

nd = not detected
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Tc-99 In seaweed
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Comparison of measurement results

Radionuclide Matrix Activity Mean
East Irish Activity
Sea Fukushima

Cs-137 Seawater 7 8.9 mBq/I
Cs-134 Seawater - ~1 mBg/l
Cs-137 Sediment 4.1 23 Bag/kg d.w.
Cs-134 Sediment - 6.4 Bg/kg d.w.
Pu-238 Sediment 0.27 < MDA Ba/kg d.w.
Pu-239/240 Sediment 1.77 0.4 Bag/kg d.w.

Levels of Cs-137 in seawater comparable to those found off
the coast of Fukushima Dai-lchi NPP
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Annual committed effective dose to the typical seafood

consumer
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Marine Dispersion Modelling

B Model hindcasting of Tc-99 from Sellafield within Irish Sea
® Distribution along East coast of Ireland
B Examine seasonal and inter-annual circulation patterns
B Effects of meteorological conditions on migration pattern

® Numerical model based on Princeton Oceanographic Model
(POM)

W 110 x 147 cells

B North Atlantic Model for Tides

B Temperature & Salinty from Max-Plank Institut Model

B Met data from European Centre for Medium Range Forecasting
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Model Validation
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Seasonal Circulation In Irish Sea

| . Winter
Winter Spring
B Strong Northward flow of Tc-99 along
. Scottish coast and exits through North
Channel
B East coast of Ireland remains unaffected

© M Spring
B Southward flow develops in April and
gradually becomes stronger

20 40 60 80 100 2 40 60 80 100
X [grid units] X [orid units]

1 . B Currents advect plume down the Irish
7 : coastline
. ® Summer
B Southward flow gets stronger
: — B Autumn

40 60 80
X [grid units] X [grid units]

Autumn B Southward drift reduces due to Wester

Irish Gyre (WIG) collapse
ep B Northward flow develop
3
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Western Irish Gyre

Tc-99 concentration (mBg/l)
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Probabillistic Risk Assessment (PRA)

® Irish Government commissioned an assessment by a team
of independent experts to determine potential risks to Ireland
associated with Sellafield.

B Questions:

B What types of incidents could cause damage that would release
radioactive materials?

B What is the likelihood of those incidents?
B What are the consequences to Ireland?
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PRA Methodology

PRA Results

.-1\

Site-Wide Risk Calculation

=

Aircraft Crashes

Fires
Fooding
High Winds

External Events Analyses

Pipeline Accidents/Explosions

Meteors and Meteorites Earthquakes
Temorism, Attack, or Sabotage

Toxic Gas Releases
Highway and Rail Accidents
MNearby Facility Accidents
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Process Systems Analyses
Reprocessing Systems

Waste Concentration and
Vitrification

Liquid Effluent Management

Stores Analyses
Legacy Ponds and Silos
Low-Lewvel Waste Repository
Plutonium and Uranium Storage
Windscale Piles
Intermediate-Lewvel Waste Stores

Support Systems Analysis
Compressed Al
Electric Power
Service Steam
Cooling Water

Supporting
Analyses

Environmental Release Pathways

Human and Organizational
Performance
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PRA Results

Incident Impact en Ireland

Problems such as minor equipment malfunctions Mo observable health effects in Ireland;

or human error possibly leading to releases of continued vigilance by the Irish Government to

radicactive materials that remain inside a facility ;::ersmnd the implications of problems at the < 30% chance
More serious equipment malfunctions or Mo observable health effects in Ireland; - in next 100
compounded human errors leading to significant | confinued vigilance by the Irish Government to years
releases contained inside a facility, with potential | understand the implications of problems at the
injuries to site personnel site

Explosions, fires, and other incidents that result in No observable health effects in Ireland; possibly )
significant releases within the Sellafield Site and perception by the public that risks to Ireland

possibly injuries or death to site personnel have increased

Incidents such as earthquakes that affect only

one facility and release limited quantities of No observable health effects in Ireland: possibly 16% chance
highly concentrated radicactive liquids or significant socioeconomic impact for Ireland in — in next 100
concentrated radicactive materials; effects terms of tourism and perception of years

limited to areas near the Sellafield Site; possibly contamination of food supplies and fisheries;

injuries or deaths ameong site personnel and possibly significant increased radiation level

adjacent populations in the UK: possible runoff to | monitering by Irish authorities
the Irish Sea -J
severs Im:ldetﬂs such-:::.s sarthquakes that Mo observable health effects in Ireland; possibly
damage muitiple faciliies and that release significant sccioeconomic impact for Ireland in

highly concentrated radioactive liquids or = . p 0.5 % chance
moderate quantities of intermediate-activity terms of fourism and perception of — in next 100
: . B contamination of food supplies and fisheries:

materials; protective measures required near the : L. o

: possibly major increased radiation level years
site to prevent health effects there; monitoring by Irish authorities
contamination of the Irish Sea near the UK

0.02 % chance
in next 100
years
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® Discharges from Sellafield the most significant source of
artificial radioactivity in the Irish marine environment

B Current discharges are significantly lower than those in the
past

B Remobilisation of radionuclides from sediments now a
significant source

Dose to Irish population arising from discharges is very low

Spatial and temporal distribution of radioactivity in Irish Sea
Is well known

Any incident in Sellafield would have no observable health
lnpacts on the Irish population
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