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Figure 1. XENAH
project team (left) and
Hartlepool Nuclear
Power Station (right)
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SAUNA Qg Array in the UK
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Figure 2. XENAH Qg array (orange) with Isotope Production Facilities in pink and nearby Figure 3. SAUNA Qg installed in the UK
nuclear power reactors (grey)

The SAUNA Qg array operated between March 2022 and February 2023. Custom software was deployed to remotely monitor
the system and retrieve data. For the XENAH work, analysis is completed by FOI using OpenSpex (Beta-gamma matrix

method).
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133Xe Array Detections
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Assessing the 133Xe contribution from IRE to the XENAH Qg Array

Measured 133Xe

Predicted 133Xe

Figure 5. Measured versus
simulated Xe-133 activity
concentration at Qg-1 (Boulby)
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[04:00 to 07:00 07:00 to 10:00 10:00 to 13:00 00:00 to 03:00 03 00 to 06:00 06 00 to 09:00
55°N 55°N 55°N 55°N 55°N 55°N
(]
54.5°N 54.5°N 54.5°N 3 54.5°N 54.5°N 54.5°N
S54°N 54°N 54°N 1 p—_ 54°N ¢ s54°N E 54°N
3 L ]
53.5°N 53.5°N 53.5°N 5 > 53.5°N 53.5°N 53.5°N ‘! )
3w 2°W 3°wW 2°W 1°wW 0° 3*W 2°W 1°w 0° 3w 2°w 1°W 0° 3w 0°
13 00 to 16:00 16:00 to 19:00 09:00 to 12:00 12:00 to 15:00 15:00 to 18:00
55°N 55°N - 55° 55°N - 55°N - 55°N
/‘“ e /"’/-z_ e N L L =7 0
54.5°N 54.5°N 54.5°N 54.5°N 54.5°N 54.5°N
54°N E 54°N E 54°N 54°N 54°N 54°N \U’;
]
53.5°N 53.5°N - ) 53.5°N 53.5°N 53.5°N 53.5°N Mi’ ! )
3w 2°wW 1°wW 0° 3*wW 2°W 3*wW 2°W 2°W 1°wW
3.2¢-06 1.0e-05 3.2e-05 1.0e-04 3.2e-04 1.0e-03 3.2e-03 1.0e-02 3.2e-02 3.2e-06 1.0e-05 3.2¢-05 1.0e-04 3.2e-04 1.0e-03 3.2e-03 1.0e-02 3.2e-02
Xenon-133 Air Concentration [Bg/m~ 3] Xenon-133 Air Concentration [Ba/m~3]

Figure 6. ATM Simulation (NAME) plots showing the plume following
the March 2022 and June 2022 reactor blowdowns.
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Attributing detections to likely sources
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Figure 7. Activity concentration time series for 133Xe at the beginning of the SAUNA Qg measurement campaign. The Qg-1
system was activated around mid-March and the other systems came online in late-March. Possible sources have been
assigned to the most prominent detections. Purple shows the simulated activity concentration of 133Xe using GAM-

calculated stack emission data from Hartlepool.
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Bayesian Source Reconstruction of anomalous detections
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Figure 8. FREAR Bayesian source reconstruction using detections (and non-detections) on Qg-2 during December 2022
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Figure 8. FREAR Bayesian source reconstruction using detections (and non-detections) on Qg-2 during December 2022

A\Nﬁ NUCLEAR SECURITY
=~ TECHNOLOGIES

UK Ministry of Defence © Crown Owned Copyright 2025/AWE



ooooooooo

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

Goodwin, M.A., Chester, D.L., Leadbetter, S.J., Liljegren, S., Milbrath, B., Ringbom, A., et al.

03.6-799

Using an array of sensors versus a single sensor/station

Utilising multiple detects (and/or non-detects) can help constrain a source location and release parameters. Using the same
set of detections from December 2022, the probability density functions show how the uncertainty in source parameters is
reduced when using “array information” — compared to a single sensor.
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Figure 9. Comparison between probability density functions of source parameters from a FREAR analysis, using a single
system (blue) versus the two systems in the array (red) for detections in early December 2022.
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Radioxenon Quantified throughout the lifecycle

Reactor Coolant

Measurements SAUNA Qg Array
(GAM) (STAX)

Stack Monitor

At Source 10s of metres 10s of kilometres
Xe-133
Calculated — 1.4x10"° Bq 1.3x10"° Bq 1.4x107° Bq

Release

Petts, A., et al., (2024) Measurements of radioxenon activities during periods of
gaseous release from an advanced gas-cooled reactor
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Summary

Our work involved the analysis and interpretation of around 350 detections of 33Xe on the SAUNA Qg array.
Just one detection was definitively linked to Hartlepool Nuclear Power Station. Over 280 other detections have
been positively attributed to at least one facility. 195 detections were linked to IRE (Fleurus, Belgium), which is
expected to dominate the background. STAX data from IRE was extremely useful for identifying which
detections were from IRE emissions.

Such a measurement campaign, focussed on emissions from Hartlepool Nuclear Power Station, would not have
been successful without the IRE STAX data, due to the number of detections that were attributed to IRE and the
magnitude of the background.

For 133Xe detections identified on the SAUNA Qg array and ATM simulations, it was possible to confirm the total
release magnitude (1.4 x 101° Bq), which agreed well with calculated releases from source.

The Hartlepool reactors had few operational difficulties during this measurement campaign, and as such, there
were no unplanned releases of radioxenon. This confirms the binary nature of AGR emissions - almost entirely
limited to reactor depressurisation.
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Questions?

Look out for our latest paper — current being revised for publication in Journal of Environmental Radioactivity — “Analysis of
Measurements from an Array of Radioxenon Samplers near to Hartlepool Nuclear Power Station”

Would you be interested in getting involved in work like this? We are working on a new project to characterise the radionuclide
fingerprint of a pressurised water-cooled reactor (PWR) in the UK. See poster P5.1-371.

Contact us — matthew.goodwin@awe.co.uk
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