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Remote and real-time optical detection of alpha-emitting radionuclides
in the environment

Overview

Radiological emergencies involving an accidental or deliberate dispersion of alpha emitting radionuclides in
the environment can cause significant damage to humans and societies in general. Currently, a detection
system to measure large-scale contamination of these radionuclides is not available and new remote detection
techniques which overcome shortcomings of traditional detectors are needed. This project will therefore
develop novel instrumentation and methods and a sustainable metrological infrastructure for outdoor-detection
systems, which can detect remotely alpha-emitting radionuclides in the environment. This will lead to real-time
collection of traceable radiological data and faster, more reliable information for the decision-making
authorities.

Need

Alpha particles represent the biggest risk to soft biological tissues compared to all nuclear decay products due
to their high energy, large mass and high linear energy transfer. The amount of deposited energy is about
2 000 000 to 6 000 000 times higher than that of an ordinary chemical reaction (ordinary chemical energy used
by the cells in the body), thus implying that a single alpha particle has the ability to severely damage or kill all
cells within its range (typically, two to four cells). Therefore, the release of alpha emitting radionuclides in the
environment, such as by nuclear terroristic attacks or transportation accidents, as well as by severe
emergencies in nuclear installations, represents the greatest radiological threat for human beings if they enter
the human body.

A detection system to measure large-scale contamination of these radionuclides is currently not available. In
case of an emergency, the only option is to evacuate the population from the affected areas and then run
diagnostics by hand, thus exposing the emergency teams to considerable risk. Even then, the results of
emergency field applications are notoriously ambiguous, time consuming and tedious due to the centimetre
range of the alpha particles in air.

Instrumentation and methods therefore need to be developed which overcome the shortcomings of
traditional detectors and that will allow remote detection of alpha particles in the environment, reducing risk
to personnel, detection costs and time. The technigues should aim at ensuring an adequate level of
preparedness and response, and assist on-site incident management, creation of evacuation plans as well
as in developing strategies for protecting public from harm. These measures are required by the European
Union (EU) legislations defined in the Council Directive 2013/59/EURATOM and are compulsory for all EU
Member States.

Objectives

The overall objective of this project is to develop novel optical systems for the remote detection and
guantification of large-scale contamination with alpha emitters in the outdoor environment for the first time,
allowing sound and quick countermeasures in the case of a radiological emergency.

The specific objectives of the project are:

1. To develop a new method and instrumentation for the optical detection of alpha particle emitters in
the environment by air radioluminescence over a detection range of more than two metres. This
includes the development of the first prototype of a mobile-outdoor optical detection system for
real-time radioluminescence mapping of alpha sources in the environment.
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2. To develop and establish a calibration system for the novel-type radioluminescence detector
systems. This includes a new metrological infrastructure with a dedicated UV radiance standard, well
characterised alpha-active environmental sample (mineral-phase, soil, organic and plant specimen
spiked with alpha emitters) and a validated calibration scheme for the remote detection of optical
system.

3. To extend the optical detection system to an imaging functionality for mapping of alpha
contaminations in the environment. This includes the development of an unmanned airborne
monitoring system (UAMS) that will integrate the unmanned aerial vehicle (UAV) and the novel
alpha-radioluminescence detection system developed in the objective 1 to scan and obtain an image
of the contaminated area.

4. To prepare and run a feasibility study for a laser-induced fluorescence spectroscopic method for the
detection of alpha emitters. This method complements alpha-radioluminescence and, depending on
laser parameters such as pulse power, photon wavelength and pulse duration, can enhance the
detectable activity limit to below 1 kBg/cm?.

5. To facilitate the take up of the results by stakeholders and provide input to relevant standardisation
bodies and radiation protection authorities. Information on the project research results will be
disseminated by the partners to standards committees, technical committees and working groups
such as EURADQOS, ISO, IEC, IAEA, BIPM CCRI (I)-(ll), ICRM and EURAMET TC-IR. In addition,
knowledge will be transferred to the nuclear industry sector.

Progress beyond the state of the art

New method and instrumentation for the optical detection of alpha particle emitters in the environment by air
radioluminescence

Optical detection of alpha particle emitters in the environment by air radioluminescence is a new technology
that enables sensing of a radiological threat at safe distance, without putting first respond personnel and
equipment in harm's way. This standoff detection technique gives advanced warning of potential threats, in
contrast to conventional detectors for alpha contamination which are built in a hand-held format and must be
positioned within a few centimetres of the source in order for the alpha radiation to be detected. At the heart
of this novel technology developed in this project is an optical detection system, optimised to collect large
numbers of radioluminescence photons. The instrument can be operated as a standalone device, for example,
operated from an UAV vehicle or deployed on a vehicle and then operated from a tripod.

Development of a calibration system for the novel-type radioluminescence detector systems

To facilitate the deployment of novel-type alpha-radioluminescence detection systems developed in the
objective 1, this project will establish Sl traceable calibration procedures, new and specific calibration schemes
and novel portable calibration standards. This state-of-the-art portable calibration standard will also allow the
temporal stability of the radioluminescence detector, including potential wavelength shifts of the (interference)
filters and changes in the spectral responsivity of the photomultiplier-based detectors to be monitored, hence
contributing to quality assurance.

Extending the optical detection system to an imaging functionality for mapping of alpha contaminations in the
environment

Mapping large-scale contaminations with traditional hand-held alpha detectors exposes operators to immense
risks, on top of other difficulties such as contamination of the detector and poor areal resolution. Therefore,
this project will develop an unmanned airborne monitoring system (UAMS) that enables automated scanning
and imaging of large contaminated areas. The UAMS comprises a fit-to-purpose UAV, the optical detection
system developed in objective 1 and calibrated in objective 2, real-time data transmission and analysis module,
and the ground control station. Procedures to calibrate UAMS based radiation monitoring systems will be
developed and validated using metrologically sound approaches, for the first time.

Feasibility study for a laser-induced fluorescence spectroscopic method for the detection of alpha emitters

The laser-induced fluorescence method is a novel technique for detection of alpha particles that complements
the alpha-radioluminescence technique. Active laser probing of the contaminated area with high repetition rate
(e.g. up to MHz) using lock-in amplification technique and short-time windowing could dramatically reduce the
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effect of ambient noise. Furthermore, this technique enables realisation of Fluorescence Light Detection and
Ranging (Fluorescence LIDAR) which could provide a distance-dependent measure of radiation by recording
the time the laser pulse is emitted and the laser-induced radioluminescence signal is measured.

Results

New method and instrumentation for the optical detection of alpha particle emitters in the environment by air
radioluminescence

Four optical detection systems were built to test the light collection efficiency, background suppression, beam
handling and filtering. One system is based in 240 mm diameter fused silica lens, two are based on Plexiglas
Fresnel lenses with clear apertures of 257.6 mm and 452.9 mm, respectively, and the fourth system is based
on a modular laser-line UV-enhanced Al-coated concave mirrors (6 mirrors, 75 mm diameter, 500 mm focal
length). The Fresnel lens systems, being lightweight and having good light collection efficiency, have been
targeted as the first systems to be installed on the UAV for contamination mapping. The modular mirror system
is another candidate that has been considered to be scaled up for UAVs, as it combines large light collection
efficiency with a flexibility due to its modularity. These optical systems were tested at the PTB Microbeam
facility where accelerated alpha particles were injected in a quartz cuvette which was placed 2 m from the
optical detection systems under test. The cuvette was filled with air, N2 and N2/NO mixture. Radioluminescence
has been measured in two spectral regions, UV-C and UV-AB. Radioluminescence spectra were measured
using a calibrated, high-precision, fast array spectroradiometer.

Three extended 241Am sources with an active area of 20 mm x 100 mm and activities of 980 kBq, 9.6 MBq and
90 MBg were developed. To comply with radiation protection protocols in the EU, these sources were
integrated into special housings with UV-transmissive quartz domes. These samples were used to test the
developed optical detection systems and will be used in measurement campaigns.

The mapping capabilities of the fused silica lens-based detection system in UV-A and UV-C spectral region,
both in air and N2/NO atmospheres, were tested with the extended 980 kBg 2*'Am source and with
environmental pitchblende samples having activities less than 1.8 kBq. The radioluminescence image of the
alpha sources was obtained by remotely scanning the narrow field of view of the optical detection system from
a distance of 2 m over the user-defined region of interest, recording the photon count rate point by point.

The fused silica lens system has been used to establish the correlation between the UV flux and activity in the
newly developed low photon flux radiance standard prototypes.

A Fresnel-lens based radioluminescence detection system built with carbon fiber reinforced polymer frame (to
reduce weight and to ensure the required stability of the drone) has been commissioned. The Fresnel lens
system has been integrated in an unmanned aircraft system (DJI Matrice 600 Pro) and was used to detect 100
MBg 2**Am source and 5 UV LEDs that simulate distribution of point alpha sources from a height of 5 m.

The fused silica lens system has been used to quantify total surface activities of 2**Am-spiked environmental
samples (leaves, sand, and soil) and nuclear materials involving a standard 23°Pu source, a set of depleted
uranium sources with complex geometry, and a UO2 pellet. These samples were selected to test the feasibility
of radioluminescence instrumentation and methods for scenarios encountered (a) when fallout containing
alpha emitters (in the form of radioactive dust or washout during rain) is deposited in common environmental
materials such as soil, sand, concrete, leaves, etc., and (b) during decommissioning of nuclear facilities where
alpha emitters are produced, handled, used, and stored. The activities deduced from the radioluminescence
measurement in air compare well with those measured using the triple-to-double coincidence ratio (TDCR)
technique. For higher activity leaf and soil samples, the results agree to within 7%. In the N2+NO atmosphere,
the disagreement is larger (about 25%) predominantly due to an uneven gas flow through the chamber. Very
low activity (< 164 Bq) environmental samples have been quantified only in UV-C under an N2+NO atmosphere
with an agreement better than 13%.

The analysis of uranium samples has illustrated the potential application of the system towards item (source,
container) integrity checks during the transfer and storage of nuclear materials. With the optical detection
method, the hotspot localization and quantification can be done on a sample of arbitrary shape and size without
limiting the inspection to flat external surfaces.
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Concrete samples spiked with 21Am have been successfully mapped with the fused silica detection system
from a reference distance of 2 m. Since concrete is a widespread material in urban areas, these sample would
simulate a scenario of deliberate of accidental dispersion of alpha emitting radionuclides in urban areas.

A dedicated 2'°Po alpha activity standard with a sharp peak of less than 32 keV FWHM at 5.3 MeV and a
surface activity of 648 kBq has been used to characterize the fused silica lens system in terms of its sensitivity
to alpha-induced radioluminescence in different atmospheres (air, N2, N2 + NO mixture) in the UV-A and UV-
C (solar blind) spectral regions. The UV-A sensitivity measured in air,662(44) s"tTMBq-1, compares well with the
value measured with reference sources of 23°Pu, 760(100) sTMBq-1, under similar experimental conditions. In
the N2 atmosphere, the sensitivity is increased by factor of 8, which is due to the removal of quenchers such
as oxygen and humidity from the chamber. The use of N2 + NO mixture led to about 25% increase of the
sensitivity relative to N2. The effect of N2+NO purging is especially apparent in case of UV-C spectral region.
Here, an increase of sensitivity by three orders of magnitude relative to the air measurements is observed.
The UV-C sensitivity in air is 34.1(24) s'*MBqg.

Development of a calibration system for the novel-type radioluminescence detector systems

The spectral shape of alpha-particle induced radioluminescence in the air was measured by means of UV
spectroscopy. An UV quartz cuvette containing an Am-241 surface source (990 kBq) positioned inside a
spectrofluorometer was applied to study the radioluminescence emission spectrum of air. The results of
spectral distribution measurements along with the literature values served as criteria to define the spectral
calibration requirements.

The spectral distribution of a batch of 3 UV-A (1.3 mW) respectively UV-C (1 mW) LEDs to be used as optical
radiation sources for the low photon flux UV radiance standard has been measured. The centre wavelength
and the spectral bandwidth were found to be within the manufacturer specification, the wavelength offset to
the corresponding alpha particle induced radioluminescence UV lines (259.1 nm / 337.1 nm) was less than 3
nm. Taking into consideration the LEDs spectral bandwidth (FWHM) of 10 nm, the selected LEDs have been
considered suitable as radiation sources.

Pitchblende environmental samples for out- and indoor experiments were prepared. They were analysed using
grid ionisation chamber, alpha-track and SEM First results show that the distribution of uranium is not
homogeneous and different for each sample. In some samples the uranium is clearly separated from “dead”
rock in other, it is located in small hotspots all over the sample. While the EDX of the SEM provides an element
distribution of the sample in the range of microns the alpha-track gives a general distribution of all alpha
emitters. By counting the alpha-tracks on the detector, the surface contamination (Bg/cm?) can be calculated.
With the grid ionisation chamber the energy of the alpha particles is measured and shown in a spectrum.
Based on the alpha energy, the associated radionuclide can be identified. Additionally, the number of particles
with a certain energy for a sample is known. Other environmental surfaces like asphalt, metal, concrete brick
and plant were also analysed with the SEM. Dependent on surface rough- or smoothness, the first material to
be worked with was chosen: Concrete brick. The surface of the concrete brick is less rough than asphalt and
can even be polished to decrease the seeping of tracer into the material. This is important because of the
absorption of alphas in solids. The roughness of the concrete surface and absorption capacity were studied.
For this purpose, a depth profile of the surface was obtained with the microscope. By grinding the concrete,
different levels of roughness were achieved and the effect on the detectable amount of alpha particles has
been investigated. From the microscope-measured surface profile of the concrete samples, the so-called
“arithmetic mean of the absolute height” (short Sa) was determined. Concrete samples with a Sa varying
between a few to 30 pm were manufactured. The rougher the concrete surface, the lower the amount of
measured alpha particles. The mixing ratio of water and cement by the manufacturing of concrete has a very
pronounced effect on the measurable surface activity. A ratio of water to cement of 0.52 leads to a recovery
rate of some 40 % (depending on applied activity) whereas a ratio of 1.2 leads to a rate of some 2.2 %.

Sixteen environmental samples have been prepared and characterized to facilitate the deployment of novel-
type alpha-radioluminescence detection systems in the environment. These include pitchblende minerals (10
samples) and, sand, soil, and leaves (2 samples each) spiked with standard solution of Am-241. Pitchblende
minerals have been further used to test the sensitivity of a UV fused silica (UVFS) lens-based
radioluminescence system for detection of low surface activities. Soil, sand, and leaf samples were
characterized using a radioluminescence detection system consisting of three UV-PMTs operating in
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coincidence mode, and their radioluminescence emission was simulated using Monte Carlo method (FLUKA
code). For low activity samples (< 3300 counts-s), the simulated data showed a very good agreement (1% to
4%) with the experimental values. These results validate the Monte Carlo-based model, allowing simulated
setups to be applied for future studies.

The required mechanical components for the low photon flux UV radiance standard according to the intended
PTB design have been manufactured/machined. Together with commercially available opto-mechanical parts,
two prototypes of fully functional low photon flux UV radiance standards were constructed. Due to a modular
concept, different optical flux level and spectral (260 nm, 340 nm + broadband source) configurations are
possible. The opto-electronic components, i.e. the LED source power supply and the monitor detector, were
successfully tested on a breadboard level.

Two prototype low flux UV radiance standards have been radiometrically characterized in terms of lateral
homogeneity, angular distribution and absolute photon radiance. The absolute photon radiance was calibrated
by comparison with the PTB radiance primary standard, the High Temperature Blackbody HTBB3200pg.

A well-characterized 21°Po activity standard to establish a traceable relationship between the
radioluminescence signal and alpha activity has been developed. The ?19Po radionuclide was selected as a
perfect candidate for the alpha activity standard due to its well-defined alpha energy (single a-emission,
Eq=5.30433(7) MeV, with an emission probability pa = 99.99876%) and virtually no gamma radiation (the
emission probability for gamma emission at E, = 803.052(24) keV is only 0.00123(4)%). The source was
prepared from the silver nitrate/polonium nitrate solution mixed with dilute hydrochloric acid (0.5 M HCI) and
was deposited in on a silver substrate with an active area having a diameter of 12 mm. The source was
characterized in a Defined Solid Angle a-Spectrometer where the alpha spectrum has been measured. The
source has a peak at about 5.3 MeV with energy spread (FWHM) of only 26.8(7) keV at 69° to 31.9(16) keV
measured at 0° relative to the surface normal.

The stability of the radiance standards was examined for 12 hours of continuous operation, measuring the
monitor detector output voltage. Both radiance standards were operated in the automatic power control (APC)
mode of the controller and were installed inside a climatic chamber. A temperature cycle of 23 °C — 19 °C —
27 °C — 23 °C was conducted to investigate the effect of environmental temperature change on the stability.
The monitor detector signals are stable within 0.1 % for an observation period of 12 hours and an
environmental temperature change of + 4 °C. The day-to-day variation lies within 0.03 % for the 260 nm UV-
C LED source radiance standard. If a warming-up time of approximately 1 hour is respected, the stability is
within 0.02 %.

The UV-A and UV-C low photon flux radiance standards with modified design were tested in terms of the
respective maximum photon flux output in conjunction with the fused silica lens-based radioluminescence
detector. These tests are mandatory for the subsequent calibration. The following results were obtained:

e For both wavelength ranges (340 nm UV-A and 260 nm UV-C) the photon flux of the radiance standards
at the highest setting i.e., variable slit fully open, does not saturate the radioluminescence detector. It was
agreed in the consortium that these levels will be chosen for the absolute calibration of the radiance
standards to provide traceability to the SI.

e By varying the slit width from 0.02 mm to 7.5 mm (fully open), an alpha source activity of 3.6x10* Bq to
5.1x108 Bq can be simulated with the UV-A standard at 340 nm and of 4.4x10°% Bq to 8.7x10° Bq with the
UV-C standard at 260 nm.

Extending the optical detection system to an imaging functionality for mapping of alpha contaminations in the
environment

Preliminary calculations were performed to determine the capability of a UAV-mounted UV detection system
to detect alpha-induced luminescence from air. These calculations include the spatial arrangement of the alpha
sources. Two drones from the UPC UAV-fleet have been chosen, the DJI WIND 4 and the DJI Matrice 600
Pro. Decision on which drone will be used will depend on the final weight and size of the optical detection
system to be mounted.

The optical detection system based on the PMMA Fresnel lenses with a lens diameter of 452.9 mm and a focal
length of 424.5 mm was selected for use in the UAV. The performance of this system was tested at the PTB
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Microbeam facility. A carbon fiber reinforced polymer frame to reduce weight and ensure the required stability
of the UAV has been built. Since the system weighs less than 5 kg, it can be mounted in UPC's UAV DJI
Matrice 600 Pro. The Fresnel lens detection system, with all its electronic components, has been mounted on
the drone. A dedicated flat platform for an easy take-off and landing of the UAV with the detection system has
been built. The radioluminescence detection system was exposed to a high radon concentration of 30 kBg m-
3 in the radon chamber of UPC with almost complete darkness. The results suggest that at these high radon
concentrations in the air, there is no significant increase in the background measured by the optical system.
Therefore, no influence of radon on the optical system in the outdoor air is expected.A basic skeleton of the
code for data acquisition, processing, transmission and analysis in the UAV has been developed. Data such
as the tilt of the UAV (i.e, of the detector), altitude, position and speed will be compiled and send to the ground
station in a format for further analysis. Synchronization of the data provided by the detector with the telemetry
of the drone and transmission to the ground station was performed and tested during flights at droneLab (UPC).
Visualization software has been developed and tested. A relatively large background signal, especially in the
UV-A spectral region, remains a challenge that is being worked on. Further, the results of the detector
characterization show that the relatively small field of view (between 4 cm and 9 cm for the operating distances
up to 5 m), uncertainty in the GPS position and the low efficiency make the determination of the source activity
very complex. The source localization method is simplified by using only the information where the detector is
pointed.

The UAMS hardware uses the RIMASpec software architecture already successfully used in the previous
gamma detection projects (e.g., EMPIR project 16ENV04 Preparedness). For the RemoteALPHA project, the
software was upgraded to visualize a map of alpha-emitting radionuclides in the environment in real time. To
visualize the count rate on a map in real time, a web application was developed. Web application allows any
computer with an Internet connection and a browser to access the application using a username and a
password requiring no additional software installation to run the RIMASpec ground control station. The web
application has a database (MongoDB) where the users are created and where all the measurements with the
drone are stored. The application has three user types: the administrator, the operator, and the viewer. The
viewer type is intended for users who are only interested in radiological information. Under the role of operator,
the user has control over the UAS. The administrator can manage user profiles on top of the previously
described functionality.

To validate the operation of the UAMS, the detection system mounted on a UAV had to be tested in the
environment using alpha radiation sources. Although alpha radiation sources were used in the final flights,
they were replaced in several preliminary tests by UV-C LED sources that simulate the air
radioluminescence produced by alpha particles. This was done to avoid restrictions imposed by strict
radiation protection regulations related to the use and transport of alpha particle sources in the environment.

Investigation of the detector response was first performed under light-controlled conditions with UV LEDs to
determine the field of view (FOV) and the best focusing configuration for the flights. In addition, the change in
efficiency as a function of the angle of incidence was also investigated. Following the choice of the optimum
height of 5 m, the flight speed is primarily determined by the field of view of the detector. With the FOV of about
10 cm, the measurement time of 100 ms necessitates flying at a speed of 1 m s'1. The flight planner software
module of the RIMASpec ground control station can generate flight plans for a UAS that cover an area with a
back-and-forth pattern which allowed detection of one 100 MBq extended 241Am source with 20 mm x 100 mm
active area, and 5 UV-C LEDs. The probability of detecting a point source constitutes approximately 60%. This
probability can be boosted by increasing the field of view of the detection system. However, increasing the
FOV also has some other consequences such as the reduction of the detector efficiency and background light
leakage. Extended sources with larger lateral dimensions (e.g., on the order of GPS uncertainty), on the other
hand, would not be susceptible to difficulties encountered in the case of point sources.

Feasibility study for a laser-induced fluorescence spectroscopic method for the detection of alpha emitters

A rate equation numerical model to simulate potential re-excitation yields in nitrogen molecules in air has been
developed. Oxygen is found to quench the most of the potential radioluminescence states in air. A model has
been developed to study how oxygen quenching works for nitric oxide. The model was validated with
experimental data using different nitric oxide and oxygen concentrations. The model seems to work very well
and reproduces experimentally measured data. The experiments based on the simulation results have been
conducted with 30 MBq americium source in normal room air conditions. A tunable OPO laser has been used
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as the excitation source. The number density of ions has shown to be very low even with our highest activity
americium source. That makes the re-excitation events to be very rare, and thus the signal detection is very
challenging. The detection setup is currently being upgraded to capture the signal.

Laser re-excitation measurement with a wavelength tunable Optical-Parametric-Oscillator (OPO) -laser (Expla
NT342) were performed. The laser with a pulse width of 4 ns and energy of 1 mJ was directed 4 mm over
americium alpha source that has total activity of 32 MBq. The source was a 60 mm long and 3 mm wide stripe,
and the laser beam was aligned along the stripe. The experimental setup turned to be very sensitive as it
enabled detection of gas phase Raman scattering of oxygen and nitrogen from 1 mm interaction length.
However, laser-induced emission of nitrogen ions was not detected at the nitrogen ion concentration of
108ions/cm3. The re-excitation and detection efficiency would be increased by one to two orders of magnitude
by choosing a laser with a narrower linewidth and higher pulse energy. Narrower linewidth laser is absorbed
more efficiently by the narrow spectral lines of nitrogen ions, and more pulse energy directly increases the
amount of signal.

Impact

The project goals and results have been presented conferences such as: National Conference "SRRp_30"
held in Romania by SRRp (Romanian Society for Radiological Protection); EURADOS Annual Meetings (WG
3.1 “Spectrometry Systems for Environmental Dosimetry”); Euramet TC-IR Annual Meetings (Session:
“Highlights from EMPIR JRPs”); European Geosciences Union-General (EGU) Assembly 2021 (ERE 1.1
“Energy, Resources and The Environment”); Conference on Radiation Topics ConRad 2021 (24th Nuclear
Medical Defense Conference, Bundeswehr Medical Academy); Ninth International Conference on Radiation
in Various Fields of Research; 12th International Conference on Instrumental Methods of Analysis: Modern
Trends and Applications (IMA-2021); Optics & Photonics Days; 15th International Symposium on Radiation
Physics (ISRP-15), Kuala Lumpur — Malaysia (2021); MARC XII conference (2022), European Congress on
Radiation Protection (IRPA), IAEA Technical Meeting on the Use of Uncrewed Aerial Systems for Radiation
Detection and Surveillance, Annual Meeting of the German Society for Medical Physics, and European
Radiation Protection Week (ERPW), Conference on Applied Radiation Metrology 2023 (CARM), 23rd
International Conference on Radionuclide Metrology and its Applications (ICRM 2023), National Conference
of SRRp, The 15th International Workshop on lonizing Radiation Monitoring (IWIRM 15), Jornada sobre
respuesta sanitaria y dosimetria en emergencias, Physics Days 2023, Optics & Photonics Days 2023,
"BioPhys Spring 2023, 22th International Workshop for Young Scientists (G6d6llé, Hungary), 28th Workshop
on Energy and Environment (G6ddllé, Hungary), Actinides 2023, Conference on Applied Radiation Metrology
(CARM2023), 23rd International Conference on Radionuclide Metrology (ICRM2023), Conference on
Radiation Topics: 25th Nuclear Medical Defense Conference (ConRad 2023).

Two exploitable results have been achieved so far in the project. The exploitable products are two devices: (a)
UV Fused silica lens-based radioluminescence detection setup for mapping contamination with alpha emitting
radionuclides, and (B) Low photon flux UV radiant standard. The sectors of applications include nuclear
industry, radiation protection, emergency preparedness and response, and UV radiometry.

Impact on industrial and other user communities

The wider long-term impact of this project is to allow for a rapid, coordinated and effective response in
emergency situations involving dispersion of alpha emitting radionuclides in the environment. Novel
instrumentation developed in this project is essential for a quick and adequate response by nuclear regulatory
bodies and other decision makers (e.g. local authorities or aid organisations) both during and in the aftermath
of a nuclear or radiological accident by providing reliable radiological data that will allow appropriate
countermeasures and reduce the risk of exaggerated actions and preventable follow-up costs. The novel
mobile detector system for the remote detection of alpha-emitting radionuclides in the environment has the
opportunity to be licensed to instrumentation companies. Moreover, with its optimised optical system and
filtering setup, this instrument has a huge potential as a remote alpha particle monitor in the nuclear industry
sector. The feasibility of the developed radioluminescence system to detect and map low activity environmental
and uranium samples has illustrated the potential application of the system towards item (source, container)
integrity checks during the transfer and storage of nuclear materials. With the optical detection method, the
hotspot localization and quantification can be done on a sample of arbitrary shape and size without limiting the
inspection to flat external surfaces.
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The Safeguards System at IFIN-HH, Romania is planning early uptake of the alpha imaging technology
developed in RemoteALPHA project. It is foreseen that the optical method will be first implemented for
detecting contamination on objects that are brought under safeguards to IFIN-HH or on objects already
stored there. Wider use of the developed technology for nuclear safeguards and nuclear forensics
applications is also considered.

Impact on the metrology and scientific communities

A calibration facility and a metrological basis to support the implementation of new technologies for radiological
emergency management will be established. This includes the development of a fit-for purpose, state-of-the-art
portable radiant standard and calibrated and well characterised alpha active environmental samples (mineral
phase, organic, soil and plant). The characteristic limits (minimum detectable activities and largest standoff
distances) for remote alpha detection will also be determined. Furthermore, models for the substrate
dependent generation and optical path propagation of the alpha particle induced radioluminescence will be
developed. The latter are of crucial importance to perform precise quantitative measurements and for applying
accurate corrections to the deduced activities. These corrections include the influence of wind, which reflects
changes in the nitrogen density that consequently affects the number of radioluminescence photons and, the
influence of smoke and dust which change the refractive index of the medium where radioluminescence light
is propagating.

A novel calibration methodology has been developed to provide valuable information about, and confidence
in, the performance of radioluminescence detection systems. The proposed calibration methodology is based
on two complementary approaches: (a) application of well-characterized activity standards (?°Po source) to
establish a traceable relationship between radioluminescence intensity and alpha activity, and (b) use of all-
optical radiation-based devices (radiance standard) that, when calibrated against an alpha activity standard,
simulate the radioluminescence induced in nitrogen (N2) and nitric oxide (NO) gases by alpha particles in
specific spectral regions. These radiance standards substantially simplify routine quality control of
radioluminescence detection systems by eliminating the need for open alpha sources, which are always
associated with strict radiation safety precautions. Furthermore, since the intensity of radiance standards is
adjustable over a very wide range, linearity and detection limits of radioluminescence detectors can be readily
determined. The design, construction, radiometric characterization, and calibration of dedicated transfer
standards, as well as the development of new calibration procedures for radiometric traceability of
radioluminescence detection systems, will enable appropriate accident and post-accident radiation
measurements that will lead to more effective countermeasures and better protection of people, wildlife, and
the environment.

Impact on relevant standards

The project will provide guidance for stakeholders and input to international standardisation bodies (ISO, IEC),
as far as nuclear and radiological emergency preparedness is concerned. The project will help to fulfil the IAEA
requirements listed in the Convention on Early Notification of a Nuclear Accident and in the Convention on
Assistance in the Case of a Nuclear Accident or Radiological Emergency of the European Commission.

Members of the consortium are involved in the following committees: ISO/TC85 (Nuclear Energy), IEC/TC45
(Nuclear Instrumentation), EURAMET TCIR (Technical Committee for lonising Radiation), ICRM (Gamma and
Beta Spectrometry WG, Alpha Spectrometry WG and Low Level WG), BIPM CCRI | and Il, and EURADOS
WG 3. This will ensure that the harmonised procedures and methods developed in this project will provide
input directly into European and international standardisation.

Longer-term economic, social and environmental impacts

Radiological accidents bring human activity in contaminated areas to a halt, thus disrupting both economic and
social order to a large extent. Misinformation regarding geographic location of contamination sites and the
associated dose rates will trigger an avalanche of losses that affect agriculture, tourism, export and domestic
consumption. By providing traceable radiological data, overestimation of the resulting risks will be avoided and
the effects on both economic and social life can be minimised.

The instrumentation and methodology developed in this project will assist response teams to assess the
breakdown phase (i.e., the initial location of the accident and whether the cause of the accident is moving or
fixed). It will help authorities take immediate targeted action for the public protection, including measures to
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reduce panic and prevent unnecessary chaos by providing the public with reliable data on the spread of
radioactive particles. Furthermore, it will contribute in guiding the emergency medical teams who provide health
assistance to the affected/contaminated/exposed persons near to or in the contaminated areas and will also
assist in defining safe evacuation routes and zones.
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