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UOIT – Anthony Waker IRC 

 – Edward Waller (Associate IRC) 

 

UNENE/NSERC IRC Program:  Health Physics and Environmental 

Safety 
 
 
Overview  

 
Radiological protection of nuclear energy workers, the public 
and non-human biota in the environment is an ethical, social 
and regulatory essential for the production of electricity using 
nuclear power.  For this reason the UNENE Chairs in Health 
Physics and Environmental Safety, which is now in the fourth 
year of its second term, was established at UOIT.  Research 
conducted under the auspices of the UNENE Chairs is directed 
towards developing and improving nuclear instruments and 
methods, environmental dosimetry and radiation effects on non-
human biota and radiation field modelling and visualization 
using advanced computing and data analysis.  Complementary to these investigations is the 
development of Monte-Carlo computational modelling for external and internal dosimetry and 
device design. 
 
Our work provides industry with; expertise and means to test and characterize advanced real-
time instruments for nuclear energy worker radiation protection and compliance dosimetry; 
insight into the scientific and regulatory requirements that are driving increasing awareness of 
the importance of environmental safety; and expertise in the potential applications of advanced 
modelling and visualization technology for radiation protection training and the radiological 
management of nuclear power plants as well as plant nuclear security.  Our aim and intention is 
to conduct our research in a setting that encourages and prepares our students for careers in 
radiation protection and security across the nuclear industry and with the regulatory authorities, 
taking with them state of the art knowledge and skills in radiological science, instrumentation 
and computation. 
 
During 2016 our total complement of HQP was 1 PDF, 7 PhD, 7 MASc and 2 MEng; graduated 
in 2016 was one MASc. 
 
 
Program Results /Highlights (Senior Chair) 
 
The development of instrumentation for real-time measurement of complex radiation fields has 
occupied our attention from the beginning of the IRC program.  One focal point of our work has 
been the use of low pressure proportional counters for mixed-field neutron-gamma dosimetry.  
We are investigating the use of matched counters one made of tissue equivalent materials and 
the other of graphite and using their identical response to gamma rays and greatly different 
responses to neutrons in order to discriminate between the two dose components in a mixed 
radiation field. Along with the detectors themselves we have developed a data acquisition 
system based on digital pulse processors that enable simultaneous use of the two detectors.  
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Figure 1.  Dose rate spectra of P385 Neutron Generator (30 cm distance) and 
Cs-137 Gamma source (4m distance), measured with twin tissue equivalent 
and graphite counters simultaneously 

Currently the complete system is undergoing ‘proof of principle’ tests in mixed neutron gamma 
fields generated at UOIT’s irradiation facilities, Queen’s University Research Materials Testing 
Laboratory and CERN high energy neutron reference fields. 
 
 
 

 
As shown in the Figure 1 the twin-counter 
arrangement is able to record the gamma and 
neutron dose-rates where the gamma 
component is far greater than the neutron 
component of the total dose, a situation often 
found in nuclear power plant workplace 
environments.  In this case the neutron dose-
rate is a factor of nearly fifty lower than that of 
the gamma dose-rate. 
 
 
 
 

 
 
 
 
 
 
As initially discussed in 
our 2015 report and 
within the context of 
real-time measurements 
we have been 
addressing the emerging 
issue within nuclear 
power plant radiation 
protection concerning 
occupational dose limits 
for the lens of the eye 
brought about by an 
immanent change in 
Canadian regulations.  
An investigation was 
initiated looking at the 
use of plastic 
scintillators, 
dimensionally modelling 
the human eye, for monitoring eye- lens exposure in real-time.  The response of the eye-dose 
monitor was compared to the response of an ion chamber measuring air-kerma, Figure 2, and 
have now been extended to cover low energy X-rays and Sr-90 beta particles. These 
experimental investigations are currently being complemented by computational modelling to 
optimize the design of the real-time monitor.  
 

Figure 2. Eye-lens model scintillation counter  
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Work has continued through 2016 on novel detectors such as our innovative hemispherical 
design of tissue equivalent proportional counter reported last year; most of our effort during 
2016 has gone into publication of our results and the recruitment of new students to pick up on 
the laboratory work.  Work also continues on the development of gas electron multipliers, both 
thick and thin GEMS investigating their properties for low energy beta detection. 
 
 
Program Results /Highlights (Associate Chair) 
 
The overall objectives of the Associate Chair program are to extend computer modeling 
capability in the fields of dose visualization and computer simulation of radiation fields 
encountered in the nuclear workplace and its environment; to include realistic and scenario 
based source terms, to perform experimental measurements of secondary electron fields from 
shielded gamma sources; to advance the mobile robotic platform 
(RadBot); and to enhance research in the general area of 
environmental safety.  The intent being to specifically target areas of 
research of interest to industry and regulators, such as improved 
environmental transfer factors, modeling of radionuclide transport, 
dose and risk for abnormal releases, exposure effects on valued 
ecosystem components/reference animals and plants (specifically 
aquatic organisms that may be affected by routine and non-routine 
nuclear plant discharges) and low dose measurement and 
assessment on reference animals and plants 
 
Radiation Field Modeling, Prediction and Dosimetry of Various Radiation Fields in a CANDU 
Environment 
 

Modeling efforts during 2016 have been in Monte Carlo simulation of 
non-human biota for dosimetry estimates.  Conference presentations 
have reported on results used by UNSCEAR for location and 
occupancy factors for external exposure.   A second PhD study was 
also initiated in 2016 focussing on environmental dose to other non-
human biota. 
 
 

 
Another significant area of modeling has been in 
establishing contact dose conversion factors for 
encapsulated radioisotope sources.  The result will 
be a revision of these factors (a first since the miod-
1970s) to update those found in NCRP Report No. 
40.  The simulations, conducted using the Monte 
Carlo transport code PHITS, allow for E-M field 
effects, and can estimate the behaviour of electrons 
in an E-M field, such that it is possible to design an 

experiment to measure pure gamma fields without the interference of Compton scatter 
electrons.  A simulated electron flux map is depicted for a 75mT magnetic field.  Experiments to 
confirm the predictions of theoretical modelling are planned for early 2016 
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Real-Time Mapping and Visualization of Radiation Fields 
 
During 2016 one PhD student graduated with a thesis on robotic mapping and special 
localization of radiation sources.  This work on improved mapping and localization will continue 
with a Masters student project into 2017.  The system under development has been termed 
RadBot and is being investigated for use with contaminated environments, asymmetric radiation 
fields in nuclear plant environments and mining applications. 
 

 
Also in 2016 research involving the 
development of an environmental 
scanner (depth sensor) and radiation 
detector (for monitoring gamma-ray 
photons) was carried out by a PhD 
student to advance research in dose 
visualization.  The data from the depth 
sensor and radiation detector will be 
jointly monitored when navigated 
throughout an environment building 
real-time datasets of depth information 

and radiation measurements.  A  Monte Carlo simulation environment will also be automatically 
constructed and run backwards (also called an adjoint calculation) simulating photons leaving 
the detector locations and going into the environment with the relative response in each point of 
the measurement in the array being used to define the associated frequency of photons 
originating from each detector.  The most frequently traversed surfaces will be identified as 
regions of interest and displayed to the user via a virtual/augmented reality interface for the 
purposes of guiding the user to these locations to ensure they are monitored. The transparent 
radiation field voxelization model will be displayed in the same interface to communicate the 
calculated and monitored three dimensional distribution of radiation within the local 
environment.  
 
 
Environmental Radionuclide Transport, Dose and Risk Assessment 
 
During 2016 two PhD students were assigned projects on non-human biota radiation effects.  
These PhD students have been investigating low-dose effects to non-human biota, and 
commenced experiments using electron paramagnetic resonance spectroscopy on calcified 
tissue samples.  In order to add to the knowledge base of radiation effects to non-human biota, 
it is important to define benchmark values for a variety of species. One of the challenges this 
approach is facing is the identification of biological endpoints. Endpoints for non-human biota 
can range from mortality of the individual to fertility and thus impairment of the population 
fitness. American Flagfish have proven to be an excellent test species for laboratory studies. An 
experimental set-up was designed to investigate effects from irradiation with Cs-137 to 
American Flagfish. Preliminary experiments to assess the suitability of the methodology were 
conducted by exposing Flagfish eggs to 44 h of ionizing radiation of five different dose rates. 
The subsequent observation of the developing fry showed no effect on hatching. However, the 
mortality and observed vertebral malformations were increased with increasing absorbed dose. 
One reoccurring malformation that became apparent at high dose rates after hatching but 
before absorption of the yolk sack is a bending of the spine. This is suspected to be a result of 
developmental defects in the embryonic stage.   
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Research Facilities and Equipment 
  
To support the research activities of the IRC Chairs UOIT has put in place dedicated research 
infrastructure providing a mixed field irradiation facility; environmental radioactivity laboratory; 
aerosol laboratory; animal care facility; nuclear instrumentation development laboratory; and an 
electron paramagnetic resonance (EPR) spectrometer laboratory. 
 
 
Collaborations and Interactions /Consultations with Industry  
 
For most of this reporting period the associate Chair Dr. Ed Waller has been on research leave 
with the IAEA and the UN in Vienna where he completed his position as Chair of the expert 
group on discharge methodology and doses from electricity generation (UNSCEAR – reports 
found here http://www.unscear.org/unscear/en/publications.html). He also worked on 
contingency planning, nuclear security exercises and emergency preparedness and response 
training performance indicators (IAEA). Dr. Waller was invited by the CNSC as an observer to a 
nuclear security training exercise at Pickering Nuclear Generating Station, Ontario.  In addition, 
Dr. Waller was invited to lecture at the IAEA School of Radiation Emergency Management in 
Traiskirchen, Austria.   
 
In 2015 Drs. Orchard and Waker began an ongoing collaboration with Queen’s University 
Research Materials Testing Laboratory (RMTL) to conduct neutron spectrometry and dosimetry 
at this new research facility.  This work has continued through 2016 and was extended to 
include measurements carried out at Kingston General Hospital of stray neutron fields around 
high energy medical linear accelerators.  The nested neutron spectrometer purchased through 
the Queen’s CFI is one of the very few instruments that can measure neutron spectra produced 
in the pulsed radiation fields of medical linear accelerators. 
 
Final year undergraduate student projects were carried out in cooperation with the Port Granby 
health physics management staff for soil and wood sample analysis using gamma spectrometry 
and alpha spectrometry equipment at UOIT. Protocols and procedures were developed by the 
students with the help of Port Granby project staff. 
 

  
 
 
 

http://www.unscear.org/unscear/en/publications.html
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Publications /Journal Papers  
 

  

Referred Journal Articles: 

“An analytical comparison of gas gain in spherical, cylindrical and hemispherical low-
pressure proportional counters intended for use in experimental microdosimetry”, David 
Broughton, Anthony J Waker, Nucl. Instr. Methods A, 840, 107-112, 2016 
“Design and function of an electron mobility spectrometer with a thick gas electron 
multiplier”, Gloria M. Orchard, Silvia Puddu and Anthony Waker, Nucl. Instr. Methods A, 
815, 62-67, 2016 
“Determination of Activation Products and Resulting Decommissioning Implications for the 
Varian TrueBeam Linear Accelerator”, Waller, E., Ram, R. and Steadman, I., Health Phys. 
under revision. 2016. 
“Experiences with Teaching Nuclear Security Professional Development Courses for 
Health Physicists”, Waller, E., Harris, J. and Marianno, C., Int. J. Nuc. Sec. 2(1):1-9 (Art. 
17). 2016.   
“Using a Nanopore with a Central Cavity to Achieve Fast Translocation of Polymers of an 
Intermediate Size”, Magill, M., Falconer, C., Waller, E., de Haan, H. Phys. Rev. Let. 
accepted. 2016.  
“Monte Carlo Modeling of Gamma Dose rates in an off-line CANDU Reactor”, Gilbert, J., 
Waller, E. and Nokleby, S., J. Nuc. Eng. Rad. Sci. accepted. 2016.   
“A Simulator-based Nuclear Reactor Emergency Response Training Exercise”, Waller, E., 
Bereznai, G., Shaw, J., Chaput, J., LaFortune, J., J. Emer. Man. accepted. 2016. 
 
Conference Presentation/Poster: 

“Comparison of the response of two low pressure proportional counters in accelerator-
based simulated high altitude neutron fields”, Gloria M. Orchard and Anthony J. Waker, 
Canadian Radiation Protection Association Annual Conference, Toronto, May 2016 
 
“Low pressure proportional counter responses in accelerator-based high altitude neutron 
fields “, G. M. Orchard and A. J. Waker, Health Physics Society Annual Meeting, Spokane, 
July, 2016 
 
“The Role of Modeling and Simulation in Nuclear Security Optimization”. Waller, E. and 
Chaput, J. International Conference on Nuclear Security: Commitments and Actions. IAEA. 
Vienna, Austria. 5-9 December 2016. 
 
“Educational Initiatives to Integrate Nuclear Security and Radiation Protection”. Harris, J. 
and Waller, E. International Conference on Nuclear Security: Commitments and Actions. 
IAEA. Vienna, Austria. 5-9 December 2016. 
 
“From Radiation Solutions for Engineering Problems to Engineering Solutions for Radiation 
Problems: The Uses of Industrial Radiation”. Waller, E. 14th Congress of the International 
Radiation Protection Association (IRPA14). Cape Town, South Africa. 9-13 May 2016.   
 
“A Tool for Implementing the UNSCEAR Methodology for Estimating Human Exposures 
from Radioactive Discharges”. Anderson, T., Jones, K., Simmonds, J., Hubbard, L. 
Grogan, H. and Waller, E. 14th Congress of the International Radiation Protection 
Association (IRPA14). Cape Town, South Africa. 9-13 May 2016. 




