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Context

— 2011 - Fukuskima nuclear accident - — 2021 -proved NORM importance
increase of the radioactivity levels

detected world wide. .
— Different compartmental models used to

—  What is the impact of the nuclear releases determine the radioactivity concentration

(standard, accidental) on the environment in the marine environment: DORIS,
and population? -> continuous research POSEIDON-R

Nuclear. For life.




Nuclear. For life.

Data collection




Data collection

OSPAR

OSPAR — cooperation between 15 Governments & the EU to
protect the marine environment of the North-East Atlantic.

Member countries communicate the yearly discharges of
radionuclides from both nuclear and non-nuclear sectors.

In 2020 — first published annual report containing data from

year 2018.

North-East Atlantic Environment Strategy

Region [: Arctic Waters

Region IV: Bay of Biscay and Iberian Coast

s “ Region II: Greater North Sea
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Data collection

Data from the offshare oil and gas indusfry published by OSPAR (year 2018)[1]

CP | OSPAR | Pb-210 Ra-226 Ra-228 Th-228 H-3
° Data from the offshere oil and gas Region
NORM discharges o
DE I 3.00E-07 1.20E-06 1.20E-06
DK Ul 0.00E+DD 210E-02 9.89E-02
ES v T7.13E-06 2 43E-D4 4 26E-04
. . . . IE Il 4.54E-07 5.24E-07 1.09E-07
OSPAR member countries discharges from oil gas industry — Produced water T8q E v | 251E06 | S80E0r | 359507
' NL I 6.41E03 8.67E-02 1.12E-1
2018 ann ual report NO | 1.73E-03 2.84E-02 346E-02
NO Il 1.65E-02 3B9E-01 3.22E-01
UK I 3.67E02 2.88E-01 1.78E-01
UK 1} 261E-03 1.69E-03 1.36E-03
NO | 4.30E-09 2.20E-09 1.30E-09
— . . = . R Radicactivity in [ NG I 1.11E07 2.02E-07 1.00E-07
otal cal fed Ra-226 dizcharges 2005-2018 in pr e froem L s subsector (TBg)
Total caloulsfed Ra-226 dizcharges 2005-2018 in produced water from the oll and gas subsector (TBq) sus_pend_eq UK 0 133604 S EEEDE S57E.05 | 263E05
solids arising
Year Total Ra-226 from water-jet
descaling (TBq)
2005 0.81 Descaling
2006 0.78 operations, both DK 1] 0_.00E+DD B_36E-O7 191E-07
offshore and Radioactivity in
2007 0.0 onshore solution as a
2008 0.82 result of
descaling using
2009 0.54 acids or scale
2010 1.00 dissolvers
2011 0.95 ]
012 1.10 NO I 1.15E-06 1.94E-06 1.07E-06
Descaling Radioactivity in | UK 1] T.O7E-08 2 22E-06 148E-06 | 6.11EO7
2013 0.78 operations, both | suspended
offshore and solids arising
2014 073 onshore from from water jet
2015 0.80 decommissioning | descaling (TBq)
2016 0.85
NO I 1.92E-01
2017 0.84 Radioactivity discharged as a result | NO | 2 90E-02
2018 0.80 of tracer experiments
6.41E-02 7_95E-01 7 49E-01 4 69E-05 | 221E-01
Total discharged radioactivity
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Modelling and assessment

POSEIDON-R

Dynamic compartment model based on geographic segmentation of the marine system

Di of P s the Jof where offshore oll gas platforms are Pro pe rt|es per Com pa rtment:
present are highlighted with light green
Box Surface Volume Depth Box Surface Volume Depth - Surface area
no® [m2] [m3] [m] no® [m2] [m3] [m]
8| 481FE+10| 2.74E+13| 569.36 75| 7.19e+09|  2.16E+11 30.00 — De pth
11|  1.85E+10| 2.13E+12| 115.04 76| 1.04E+10|  2.60E+11 24.91 R H
12| 177E+10|  1.32E+12 74.47 77| 13se+10|  2.21E11 16.41 Bi-directional mass exchanges
50| 1.09E+10|  6.80E+11 62.56 78| 5.19E+09|  2.49E+11 47.98 between neigh bo ring |aye rs
51|  1.63E+10|  9.02E+11 55.37 79|  7.01E:09|  3.93E+11 55.99
52| 139E+10] 5.68F+11] 4090 80| 140es10] 7.07e+11| 5043 — Sediment po rosity
53| 7.70E+09|  1.58E+11 20,54 81| 1.40E+10|  5.07E+11 36.12
54]  1.64E+410]  5.25E+11 31.97 82| 140E+10]  4.48E+11 31.95
55| 8.19E+09]  2.14E+11 26.08 83| 7.01E:09] 2.07E+11 29.48
56| 3.84E+09|  7.00E+10 18.22 84| 8.68E+09| 1.46F+11 16.86 - here off gas i present assigned percounty
57| 5.94E+09|  1.15E+11 19.41 85| 5.03£:09|  1.65E+11 32.79
58| 6.50E+09]|  1.55E+11 23.92 86| 6.83E:09|  3.34E+11 48.83 Compartment | Percentage total
59| 2.80E+09] 439E410] 1548 87| 683609 42161 6155 net | surfece sesgned per
60] 3.29:09]  5.63E+10 17.09 88 137E+10]  1.05E+12 76.91 UK =
61| 7.54E+09|  2.20E+11 29.19 89| 137E+10|  7.25E+11 53.02 8 20.192% 62 15.732% 89 p—
62 7.54E+09 1.77E+11 23.52 20 1.37E+10 6.16E+11 45.09 11 7.774% 63 6.857% 90 7.475%
63| 3.28F+409|  5.56E+10 16.93 91| 1.46E+10|  3.83E+11 26.21
64] 670409 1.19E+11] 1769 92| 6.46E/09| 4.276411] 6607 z i il 1537%% 7 28.708%
61 3.161% 68 14.109% 102
65|  7.36E+09 1.57E+11 2135 93| 1.20E+10| 5.98E+11 49.67 S8.832%
66| 7.36E+09]  1.89F+11 25.66 04| 647e:09] 589E+11| 9107 o4 2.811% 0 B154%
67 7.36E+09 1.84E+11 24,93 95 1.31E+10 1.20E+12 91.47 65 3.088% 73 15.008% = 29.102%
68| 6.76E+09|  1.58E+11 23.41 96| 2.626+10] 2.46E+12 93.67 66 3.088% 74 15.008% 89 —
69] 3.91F:09] 8.17E+10 2091 97]  2626+10]  2.02E+12 76.98 7 o1s% 22 P %0 22539%
70]  5.62E409]  2.27E+11 40.40 08| 246E+10] 3.38F+12] 137.71 7 3.015%
71  7.19E+09|  3.47E+11 48.29 99| 151E+10| 2.33F+12| 15417 - =
72|  7.96+09|  2.18E+11 30.30 100| 3.11E+10| 5.28E+12] 17012 1911% 100.000%
s 73] 144E+10]  4.13Es11 28.72 101| 5.47e+10| 7.21E+12| 13169 o 5.050%
O'N == 74|  7.19E+09|  2.34E+11 32,51 102| 5.38E+10| 1.09E+13| 201.98 95 5.503%
15W 10w 5w 0 5 10E 15°E % 11.007%
101 22.958%

The offshore oil gas platforms in the North Sea
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Modelling and assessment

Benchmarking results POSEIDON-R with Doris

Filtered seawater activity concentrations in

Total calculafed Ra-226 disch, s 2005-2018 in produced water from the oif and gas subsector |
North Sea Central arges F g (TBq)

5 2 50605 300000 Year Total Ra-226
x [ SDEIEST. R0 - S, 2005 0.81
2006 0.78
250000
! DE-05 2007 0.80
5 3 2008 0.82
e g 2009 0.94
= 1506-0
{ 3 2010 1.00
| #0 Ao ® 5 2011 0.5
Faom ok ¢ 2 2 —— 2226 -
§ 10060 3 2012 1.10
| =
- ~ E £ 2013 0.78
e > =
- f—— — = g fschargs 2014 0.73
m . e 5 k-4
V7 st ¥ 300606 1— 50000 2015 0.80
L L ! 2016 0.85
= 4 £ 0.00E+00 0 2017 0.54
',.N 2006 2007 2008 2009 2000 2001 2012 2013 2014 2015 2018 0.80
: » ,‘ ) ! ; fear Ra-226 lotal release rates per country per year
| -
il J iy
North S& P it LR 28 V7 L1 cp Percentage | 2005 2006 2007 2008 2009 2010 2011
e
DE 0.0002% 1.38E-06 1.33E-06 1.53E-06 1.39E-06 1.60E-06 1.70E-06 1.61E-06
tedin X o DK 2.7453% 2.22E-02 2.14E-02 2.47E-02 2.256-02 2.58E-02 2.75E-02 2.61E-02
e »
"W NL 11.3339% 9.18E-02 8.84E-02 1.02E-01 9.29E-02 1.07E-01 1.13E-01 1.08E-01
e o G RN A NY
f NO 48.2380% 3.91E-01 3.76E-01 4.34E-01 3.96E-01 4.53E-01 4.82E-01 4.58E-01
{
1 ! = " l’l') ;‘ l”l A | UK 37.6827% 3.05E-01 2.94E-01 3.39E-01 3.09E-01 3.54E-01 3.77E-01 3.58E-01
C
! / VIETinGg Bod Total | 100% 0.81 078 0.9 0.82 0.94 1 0.95
- ’ U da e
( )Ce([ f74 AUSTRIA cp Percentage 2012 2013 2014 2015 2016 2017 2018
i . ) ) : DE 0.0002% 1.87E-06 1.33E-06 1.24E-06 1.36E-06 1.44E-06 1.43E-06 1.36E-06
Filtered seawater activify concentrafions in North Sea Central estimated with DORIS [2]
DK 2.7453% 3.02E-02 2.14E-02 2.00E-02 2.20E-02 2.33E-02 2.31E-02 2.20E-02
NL 11.3339% 1.25E-01 8.84E-02 8.27E-02 9.07E-02 9.63E-02 9.52E-02 9.07E-02
NO 48.2380% 5.31E-01 3.76E-01 3.52E-01 3.86E-01 4.10E-01 4.05E-01 3.86E-01
UK 37.6827% 4.15E-01 2.94E-01 2.75E-01 3.01E-01 3.20E-01 3.17E-01 3.01E-01
Total | 100% 1.1 078 0.73 0.8 0.85 0.84 0.8

Anca Tacu, Govert de With, 10-05-2022
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Modelling and assessment

Benchmarking results POSEIDON-R with Doris
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The assumptions made for the simulation with
DORIS are unknown.

— Steady state yes/no?
— Releases

— Compartments info...

NRG




Modelling and assessment

Assumptions

Isotope refeases from the oifshore of gas industry in 2018 in the Noth Sea Region (Ra-226, Ra-228 and Pb-210)

cP OSPAR Ra-226 Ra-228 Pb-210
Region
Activity Percentage Activity Percentage Activity | Percentage
[TBq] from total [TBqgl from total [TBg] from total
release release release

DE 1 1.30E-06 0.0002% 1.20E-06 0.0002% 3.00E-07 0.0005%
DK 1 2.10E-02 2.7453% 9.89E-02 13.8913% 0.00E+DOD 0.0000%
ML 1 8.67E-02 11.3339% 1.13E-01 15.8717% 6.41E-03 10.7290%
NO I 3.69E-01 48.2380% 3.22E-01 45,2274% 1.65E-02 27.6197%
UK 1 2.88E-01 37.6827% 1.78E-01 25.0094% 3.68E-02 | 61.6508%
Total 1 7.65E-01 100.00% 7.12E-01 100.00% 5.97E-02 100.00%

11 Anca Tacu, Govert de With, 10-05-2022

Constant monthly release rates.
Constant boundary conditions.
Steady state.
Yearly fish consumption — 10.5 kg:
50% non-piscivorous fish.
10% piscivorous fish.

10% benthic fish.
30% coastal fish.




Modelling and assessment

Achieving steady state
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Modelling and assessment

Ra-226 concentration in the sediments and the water
column of the North Sea

Lattude

0 5

Longtude Longiude

Ra-226 concentration [Bq/Kq] in sediments Ra-226 concentration[Bg/m3] in the 1st layer of water after reaching steady state

Anca Tacu, Govert de With, 10-05-2022




Modelling and assessment

Radioisotope concentration in non-human biota

—e— P0-210 concentration
~+— Ra-228 conceniration
—e— Ra-226 concentration

+— Pb-210 concentration

~—a— piscivorous fish
—e— non-piscivorous fish
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Concentrations in consumed non piscivorous fish [Bg/kg]
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Isotope concentrations in consumed non-piscivorous fish Comparison between the concentrations of Ra-228 in piscivorous fish vs. non-piscivorous fish
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Ra-226 concentration in PF
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Modelling and assessment

Dose rates due to ingestion of contaminated fish

Lattude

A0 5 0 5 10 15
Longiude

Dose rates received from fish ingestion due (0 Ra-226

Anca Tacu, Govert de With, 10-05-2022

Dose rates due to ingestion of fish

—e— R2-228
—e— R2-226
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Modelling and assessment

Adaptation for micro compartments

UK-1 UK-2 UK-3 NO-1 NO-2
Geometry and volume of the considered boxes
r. (m): 500 500 500 500 500
d, (m): 105 45 120 120 145
V. (m3): 8.25E+07 3.53E+07 9.42E+07 9.42E+07 1.14E+08
Discharge and dilution of the considered boxes
b, (m3/day) : 1.73E+04 7.50E+01 2.71E+04 7.86E+03 4.00E+04
b, (m3fyr) : 6.06E+06 2.63E+04 9.51E+06 2.76E+06 1.41E+07
dilution_. : 3.30E+02 1.22E+04 1.30E+02 1.40E+02 4.70E+01
dilution_, : 5.12E+03 3.69E+04 2.30E+02 5.20E+02  8.50E+01

by min (M3/day) =V, .. (M) /], (day?)

Water exchange with sea water of the considered boxes

¢,, (m3/day)=¢, (m3/day) *dilution
¢,, (day? )= o, (m3/day) / V,, (m3)

Computation of the water exchange for the POSEIDON micro box

by min (km3/yr) = b, ., (m3/day) * 1E-09 * 365

Anca Tacu, Govert de With, 10-05-2022

NRG
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Modelling and assessment

Adaptation for micro compartments

“’NJ—-h-d_-h

aond —

15W 10w 5w 0

Anca Tacu, Govert de With, 10-05-2022

Velume | Depth
[mm3) [m}

G.1E5E=11 45.08

90 | = m

Assumptions over micro compartment 129:
* same depth as compartment 90: 45.09 m
* volume = 0.5 km3

®,, min (km3/yr) =0.5 (km?) * 2.59E-02 * 365 = 4.72 (km3/yr)
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Ra-226 concentration in filtered water (Bg/m3)
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Modelling and assessment

Adaptation for micro compartments

—— box 90 adaptation

—— micro compartment box 129

r— —— baox 90 oiriginal
Ra-226 Box no® Depth Volume [m3] Conc. layer Conc. NPF Dose rate
release [m] water [Ba/kg] consumption
J [Bq] [Bg/m3] fish [Sv/y]
3.65E+10 90 original 45.09 6.1618009E+11 2.06E-02 1.35E-02 1.21E-07
90 adaptation 45.09 6.16158E+11 2.06E-02 1.35E-02 1.21E-07
20'05 2[]'06 2[]'0? ZUIUS 20|09 20‘10 20'11 ‘3.65E+10 129 micro 45.09 5.00E+08 7.50E+00 4.92E+00 4.98E-05
Time compartment
Water exchange adaptation
Ratio: 365 Ratio:411

The values for the box 129 are conservative

50uSvly vs. 0.12uSvly

Is fishing so close to the off-shore platform permitted? 3.4 km?

Anca Tacu, Govert de With, 10-05-2022




Conclusions

Study sheds new light on this topic, but
further research is needed.

The usage of micro-compartments
appears to be important as the effects in
the vicinity of the release points are
significantly higher than at larger
distances.




Future work

Focus on micro compartments:
— Add surface compartments.

— Multiple compartments within same macro
compartment.

— Extend the model for the oil/gas non-
nuclear releases and add medical releases /
nuclear releases

Nuclear. For life.




