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Get us the tools
and we will finish
the job
• Large & cryogenically cooled
devices with high sensitivity to
identify isotopic signatures of
various emissions – in the lab
• However, such facilities are not
designed for surveying for NORM:
▪ In Situ measurements
▪ At supply bases
• This has prompted the desire to
have portable, flexible instruments

Hand-held
Survey Meters
• Similarly found in nuclear
power plants
• Measures exposure or dose
equivalent rates
• Search for radioactive material
• Better electronics than PRDs
– Better read-out
capabilities
– Interchangeable probes
– Scintillation detectors or
PMT
– Large volume ionization
chambers
– Neutron detectors

Likelihood of detection greatest when detector is:
1. close to source
2. moved slowly (but survey will take longer)
Clear is an inverse relationship between sensitivity and speed
Need high sensitivity detector

Technological Problem
•

An oil exploration and mining establishment may have
between 50,000 to 200,000 tubulars needing to be
decommissioned at any given time.

•

Current commercial product solutions are handheld devices
that is able to measure doses at a particular point, but with
the device being close to the operator.

•

Recent industry needs have arisen for remote measurements
and monitoring of contamination or radioactive waste at any
location along the interiors of the ~10 metres long tubulars
which may be difficult to reach with the available devices.

Challenges

Proposed Solution – F1 Survey Meter
MOHE – PPRN Project

•

An optical fibre-based handheld radiation survey meter, based
on a current remote radiation dosimetry system framework
developed by MMU

•

The device consists of a (1) extendable optical fibre probe cable
that contains (2) sensor head (scintillator detector) and (3) a
handheld unit to display the measured radiation level.

•

This arrangement is expected to cover contaminated areas that
may be beyond the range of current detector setups.

Proposed Solution – F1 Survey Meter
We take technology from an “Engineering Prototype” of a
BENCHTOP fibre-optic coupled real time dosimetry system

Optical
Fibre-based
Radiation
Detector
Technology
(developed
in MMU)

We take design inspiration from a
commercial handheld optical power
meter with fibre optic input port

Size & Form
Factor

F1 Survey Meter

Prototype Design

• Photodetector - 3 x 3 mm silicon
photomultiplier (SiPM) by sensL
(Ireland).
• Output from the SiPM processed by
a battery-powered in-house preprocessing and amplification
modules capable of handling signals
up to 450 MHz and typical power
consumption of 40 mA.
• Pulse counting was accomplished by
a 8-bit microcontroller-based setup
running on a 3.7V Li-ion
rechargeable battery.
• The battery life of the complete
setup was recorded at roughly 33+
hours on a single charge.
• Readings were displayed on a digital
LCD screen embedded in the device.
• The device was also fitted with an
alert red LED and buzzer that was
activated when a pre-set threshold
level of radiation was detected.

Scintillator
•
•
•
•
•
•
•

LYSO:Ce inorganic scintillator (Hilger Crystals, UK)
Outer diameter of 3 mm and a length of 20 mm
Lutetium yttrium orthosilicate (Lu2(1-x)Y2xSiO5 : Ce)
Advantage – non hygroscopic and the ability to be machined
into miniature dimensions
To maximize light trapping within the scintillator crystal and
direct the scintillation towards a single direction, the crystal
was wrapped with PTFE tapes
The volume of the radiation-sensitive part was thus 3 mm (OD)
x 20 mm (L),
Scintillation light was collected from one of the flat, polished
ends of the scintillator that was butt-coupled to a 2 mm
diameter core diameter,15 m long polymer optical fibre (Super
ESKA SH8001, Mitsubishi Chemicals, Japan).

Characterization
•

•
•

•

Characterization of a scintillation based optical
fibre dosimetry system based on use of a LYSO:Ce
scintillator at dose-rates provided by NORM
sources
Calibrated against a GM counter (Inspector, SE
International, USA)
The scintillator probe was calibrated in the
laboratory against a 661 keV Cs-137 gamma
source, the particular source being rated to an
activity on 15 July 2015 of 50 mCi (1.85 GBq).
Measurements were then taken for a variety of
natural samples (monazite, iron oxide, etc.) and
mixed gamma sources present at the laboratory in
Alypz Sdn. Bhd. (Malaysia).

Measurements at Field Site
3

2

1

Prototype of Survey meter being used in field
trial at Kemaman Supply Base decon facility.
Project was commissioned by Kementerian
Pengajian Tinggi under Jaringan Penyelidikan
Awam-Swasta (PPRN) grant.

4

Components from Oil and
Gas offshore facilities are
contaminated with NORM
substances and need to
undergo cleaning.

Industry partner
(Alypz Sdn Bhd)
personnel at
Kemaman
conducting field
tests with the
prototype and
reference survey
meters.

The fiber optic probe is
being tested with one of
the components received
from off-shore.

5
Prototype device
with extendable
probe in the field.

• LYSO:Ce has high density cf NaI(Tl) (7.1 vs 3.67 g/cm3), fast decay
(36 ns), comparable light yield (33,200 ph/MeV), also nonhygroscopic.
• Peak wavelength emission of 420 nm means output matched to
sensitivity of PMTs and SiPMs.

Linearity of response (cpm) against the reference dose-rate
• Probe was exposed to a pack NORM
samples (~700 g), various distances
• Sample collected from field after
decontamination.
• Measurements at distance 15 cm
(max) - dose-rate matched
background radiation levels
• Peak levels when both the probe and
GM survey meter direct contact with
sample
• Similar procedure in laboratory to
investigate response to source and
detector distance
• Law of reciprocity is expected, with
the dose-rate and subsequent
detection exponentially increasing at
shorter distances.

• Jar of monazite as the source
• radionuclide activities in Bq/g as
follows:
• Pb-214: 25.5 ± 0.7;
• Bi-214: 23.9 ± 0.4,
• Ra-226: 16.2 ± 1.3,
• Ac-228: 206.3 ± 3.4,
• Pb-212: 153.0 ± 6.9,
• K-40: non detectable).
• Good conformity to the reciprocity
phenomenon is observed as an
equation of the form Ax-B can be fitted
with R-squared value of 0.98
(A=2297, B=0.163)

• Prolonged period (~15 min) measurements counts’ histogram and count response
• The background radiation levels = 0.2 ± 0.3 µSv/h
( reference GM survey meter)
• The prototype reading corresponding to this
background = 1503±89 cpm.
• Counts normal distribution agrees well between
prototype and GM survey meter.
• The stability of the base line at ~1500 cpm also
indicates robustness of the signal processing
circuitry and solid-state photodetectors
• Otherwise, prone to temperature elevations,
additional noise during prolonged operation.

Moving
forward
New capabilities required in
new future:
• remote neutron
detection
• radioisotope
identification
• large scale, sensitive,
efficient screening
• Drone assisted
radioactive screening

Raw data (having unique
pulse height/shapes) from
the present work shows
immediate potential for
remote radioisotope
identification and
neutron/gamma
detection applications.

• OC Robotics specializing in Snake Robots
• A new dimension in maneuvering difficult spaces and harsh environments
• NORM measurements in tight spaces?

Conclusion
• Prototype with intrinsically safe,
extendable probe using LYSO:Ce
scintillator is demonstrated
• The non-hygroscopic scintillator and fully
non-electric optical fibre-based probe
allows for remote measurements in
moisture-prone areas without
compromising on sensitivity.
• A linear response of up to 24.5 µSv/h has
been reported (R-squared 0.945) at the
laboratory for available NORM samples.
• Characterization using NORM sources at a
decontamination facility revealed linearity
in the range of 0.1- to 27.8 µSv/h (Rsquared 0.966), with long-term
background readings of 1503±89 cpm.
•
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