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Abstract 

Work at the University of Bristol has led to the production of a highly portable system, with far-reaching applications within radioactivity monitoring. Already 
deployed within the affected Fukushima Prefecture region on Japan, this system is able to identify sub-meter regions with elevated activity and attribute them to 
specific contaminant species. In addition to responding to events featuring the release of radioactive material, such a system has also been successfully 
demonstrated within both Bristol and south-west England to accurately map and quantify naturally occurring radioactive material (NORM) as a result of former 
mining operations or the existence of radioactive ore minerals beneath the ground. Further applications of such a system include routine monitoring activities within 
nuclear licensed sites or forming part of the post operational clean-out of a site. 

Introduction

In order to carry out radiological contamination monitoring, it has previously been necessary to undertake the slow and time-consuming method of manually obtaining
readings from hundreds or even thousands of individual locations evenly-spaced, alongside their position from GPS, to construct the map of a region. A new and faster
method of surveying was brought about following the catastrophic release of radiation at the Fukushima Daiichi Nuclear Power Plant in 2011. This system, developed by
the Safecast network, was able to continually log radiation levels detected by the system, yielding data at the greatest resolution yet and also crowd-sourcing data
through the multiple units to construct large area maps. Unlike the system from Safecast, employing a gamma-spectrometer rather than a GM-tube as the detector
allows permits isotopic information to be obtained.

The System

The entire system has a mass of 500 g and can be easily
transported within the operators backpack or any suitable mode of
transport. A schematic of the system is shown in Fig. 1, consisting
of the gamma-ray detector, an environmentally sealed processing
unit along with a rugged external GPS unit. For the greatest
possible sensitivity, the radiation detector typically used is a
Kromek Ltd SIGMA-50™ CsI(TI) scintillator detector with an active
detection volume of 32.8 cm³. The SIGMA detector has an energy
range of 50 keV to 1.5 MeV with a maximum count rate of 5,000
cps and energy resolution of < 7.2% Full Width at Half Maximum
(FWHM) at 662 keV. Bigger than the GR1 gamma-spectrometer,
also used for radiation mapping, the 1” x 1” x 2” CsI(TI) crystal is
enclosed within a 35 x 35 x 130 mm aluminium case.

Control of the detector was performed by an Arduino Mega ADK
microcontroller, with data from the gamma-spectrometer sampled
at 2 Hz as a series of gamma energies incident onto the detector
during the preceding 0.5 seconds for greatest spatial resolution.
The location at which radiation was measured was obtained
through a high-accuracy (∓ 50 cm) GPS module within the setup.
An external GPS aerial, which was affixed to the outside of the
backpack, was attached to this board to provide greater GPS
reception. Data was written in real-time to an on-board micro-SD
card as well as being transmitted in near real time (500 ms delay)
via an encrypted radio frequency data stream back to a remote
base station where the progress of the survey can be monitored.

The use of such a rapid and high spatial resolution system presented in this work has applications not only following the release of contaminant material after events
such as those at the Fukushima Daiichi Nuclear Plant in 2011 or in the location of naturally occurring hotspots, but within routine site monitoring at nuclear sites as well
as during the POCO period. The ability for such a system to be transported within a vehicle to rapidly cover greater areas than by foot or to be carried by an unmanned
aerial vehicle (UAV) for areas not easily accessible or not desired to send humans presents a significant advantage over existing methods.

Fig. 1. Exploded view of the high-resolution mobile radiation
mapping system. The modularity of the system permits a variety
of different detector options to be connected to the base unit.
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Fig. 2. (above) Geevor Tin Mine (Cornwall, UK), (a) site map with foot-based survey route depicted and (b) map
showing levels of radiological contamination as dose rate (μSv/hr), four localities (i – iv) with heightened activity
are identified.
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Fig. 3. (a) Site clearance and storage of
removed contaminant material within
a remediation zone in Iitate Village,
Kawamata Prefecture, Japan. (b) Map
illustrating the effectiveness of a 15 cm
covering of sand at the centre of a
contaminated site on the Kawamata –
Namie border. (c) A ground-based
radiation map around the Southville
region of Bristol. Heightened activity
levels are observed surrounding pit
heads that occur throughout the area.
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