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UOIT – Anthony Waker IRC 

 – Edward Waller (Associate IRC) 

 

UNENE/NSERC IRC Program:  Health Physics and Environmental 

Safety 
 
 
Overview  

 
 A sustainable nuclear power industry depends on regulatory 
compliance; a ‘social licence’ for refurbishment, 
decommissioning, waste-management and the introduction of 
new reactor technology; and the availability of trained and 
engaged contractors and employees.  The UNENE Chairs in 
Health Physics and Environmental Safety at UOIT were 
established in order to provide a research and educational 
basis to help meet the challenge of ensuring sustainable 
nuclear power production in Ontario, Canada and contribute to 
international efforts in nuclear safety and security.  In fulfilling 
our role of providing applied health physics research for the nuclear industry our activities have 
evolved into a program of work integrating real-time radiation detection and measurement; 
radiation computational modelling; environmental dosimetry for non-human biota and dose-
visualization for training, security and ALARA purposes. 
  
Through the support of UNENE, NSERC and UOIT we have established laboratories for nuclear 
instruments and methods; mixed-field radiation measurements; environmental radioactivity;  
aerosol science; electron paramagnetic resonance spectrometry; aquatic species radiation 
biology; and robotics, virtual and augmented reality capability.  Our work provides industry with 
expertise and means to test and characterize advanced real-time instruments; insight into the 
scientific drivers of regulatory requirements in radiation protection and environmental safety; 
and expertise in the potential applications of advanced modelling and visualization technology 
for radiation protection training and plant nuclear security.  We strive to conduct our research in 
a setting that encourages and prepares our students for careers in radiation protection across 
the nuclear industry, including the regulatory authorities, equipping them with state of the art 
knowledge and skills in radiological science, instrumentation and computation. 
 
During 2017 we graduated three Masters of Applied Science and our total complement of HQP 
‘in training’ was 11 PhD, 7 MASc. 
 
 
Program Results /Highlights (Senior Chair) 
 
Real-time detection 
Technological developments for real-time detection and measurement remain at the core of the 
Senior Chair research program.  Mixed-field neutron-gamma dosimetry with low pressure 
proportional counters with different wall-materials continues to be studied and although the work 
is currently on hold during a maternity leave we were able to disseminate our findings at the 13th 
Neutron and Ion Dosimetry Symposium in Krakow, May 2017.  In this work we showed how the 
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responses of matched graphite and tissue equivalent plastic walled counters were identical for 
photon fields and markedly different in neutron response.  Using both devices a more accurate 
neutron dose determination in a mixed field could be obtained.  The motivation behind this 
experimental study is the development of a single instrument capable of accurately assessing 
the photon and neutron components of a mixed fields encountered in nuclear power plant 
workplaces. 
 
Other ongoing real-time instrument research projects driven by the aspiration to improve 
nuclear facility dosimetry and radiation monitoring are: 
 

 Gas Electron Multipliers (both thick and thin) for particle range discrimination 

 Ball-anode hemispherical proportional counters for reduced microphonics and 

manufacturing simplicity 

 Wall-less proportional counter for beta particle near-field dosimetry 

 Air-flow ionization chamber for sever accident monitoring 

 
We are also engaged in an experimental and computational study for real-time monitoring of 
eye-lens dose, which is in response to the immanent change in Canadian regulations 
concerning exposure limits to the eye-lens of nuclear energy workers.  In this study we are 
building a physical detector model of the human eye using plastic scintillators as the detection 
element.  The detector prototype design will be refined by comparison with Monte-Carlo 
calculations of the detector and human eye-lens response to different radiation qualities. 
 
 
 
 

 
 
 
 
 
Environmental Safety 
Other aspects of the Senior Chair program address issues of environmental safety.  During 
2017-2018 two groups of fourth-year project students have been carrying out Port Granby soil 
and plant analysis facilitated by the Port Hope Area Initiative.  Their work has included soil 
analysis form various locations at the Port Granby site and carrying out estimates of worker 
doses for different routine operations and accident scenarios.  The findings of these 
undergraduate projects were presented by the students at the 2018 annual conference of the 
Canadian Radiation Protection Association, Quebec City. 
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Work also continues with a study of fish eye-lens radiation damage.  Work during 2017-2018 
has concentrated on developing the culture techniques for dissected eye-lenses and 
establishing the irradiation protocol and dosimetry to determine the threshold dose for 
measureable impairment of fish lens focal capacity measured by laser scanning.  
 

 
 
 
 
Program Results /Highlights (Associate Chair) 
 
Computer modeling 
Computer modeling is a critical component of all research projects under the research program. 
For example, Monte Carlo radiation transport modeling is extensively used for modeling the 
dose to non-human biota for comparison with experimental data, as well as for modeling 

contact dose, projects described below. Radiation dose 
visualization, virtual reality (VR) and augmented reality (AR) 
research has been ongoing for almost 10 years within the 
Associate Chair’s research program. This research goal has 
been to develop a novel method to take in-situ ionizing radiation 
measurements and using Monte Carlo methods in real-time, 
develop an approximate three dimensional model of the field 
distribution in the environment from that data and provide 

guidance to monitoring teams on where 
radiation sources may be in the environment.  
This three dimensional model will be used 
for safety, mapping, virtual reality and 
augmented reality applications.  The result is 
the development and integration of a sensor 
package consisting of a depth sensor for 
environmental scanning, a radiation sensor 

for monitoring radiation field intensity combined with supporting software for mapping the 
environment, conducting Monte Carlo modeling to deduce radiation field distribution and a 
display for communicating the resultant calculated radiation field and provide guidance in three 
dimensions to the user. Continuing research investigates virtual and augmented reality 
applications to develop an optimal user interface to provide real-time feed-back to the end user.  
Successful outcomes have included a generic methodology which can be used to visualize any 
radiation field, VR emergency response exercises which have been featured in several 
international forums and workshops, and demonstrations of how radiation fields can be 
visualized in real time with existing VR/AR equipment. A collaboration with Canadian Nuclear 
Laboratories (CNL) has been finalized for establishing numerical models related to experimental 
data for aquatic species in controlled exposure environments.  In 2014 CNL conducted a 
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controlled exposure of aquatic organisms to tritium. Those data will be used to compare against 
a proposed improvement in the methodology that ERICA and RESRAD-BIOTA use to predict 
concentration values. Subsequently those values will be used to accurately reconstruct a model 
of the exposure in MCNP6 to calculate the absorbed dose. This will be compared to the 
analytically predicted values. The main focus here will be to assess the capabilities of MCNP6 
to correctly model absorbed doses from low-energy beta particles.  The main objective of the 
research is to do a comparative analysis of the performance of two major modelling tools with a 
refining algorithm and to assess the capability of MCNP6 to predict absorbed doses by aquatic 
biota. Following the controlled exposure of aquatic organisms to tritium in 2014 by researchers 
at CNL information on absorption of the nuclides, concentration data as well as. Those data will 
be used to compare against a proposed improvement in the methodology that ERICA and 
RESRAD-BIOTA use to predict concentration values. Subsequently those values will be used to 
accurately reconstruct a model of the exposure in MCNP6 to calculate the absorbed dose. This 
will be compared to the analytically predicted values. 
 
Contact doses 
Secondary electron generation on the surface of encapsulated gamma sources can play a large 
role in the dose measured near the surface of the encapsulation, or any gamma emitting source 
that is in intimate contact with a high Z material, such as a metal.  The National Council on 
Radiation Protection and Measurements Report No. 40 contains contact dose rate conversion 

factors for encapsulated gamma sources, along with 
recommended secondary electron correction factors.  
However, the secondary electron correction factors were 
based on experiments done in the 1930-40 time frame with 
encapsulated radium sources, and the correction factors for 
the other sources listed in the report were estimated based on 
these radium measurements.  Monte Carlo simulations were 
done using the Particle and Heavy Ion Transport code System 
(PHITS), to calculate the contact dose rate conversion factors 
for each encapsulated gamma source presented in NCRP-40, 

taking into account the dose from both gamma rays and secondary electrons. These 
simulations showed that the contact dose rate conversion factors were actually much lower than 
those presented in NCRP-40, and the secondary electron contribution was much greater than 
the values predicted by NCRP-40. In addition to this computational work, the experiment that 
was used to determine the secondary electron correction factors for NCRP-40 was investigated. 
This experiment involved measuring the radiation field near an encapsulated radium source 
with an ion chamber, and using a magnetic field to separate the secondary electrons from the 
gamma radiation. A modernized version of this experiment was designed, and used to show 
that secondary electron correction factors measured with this type of setup were not applicable 
to the geometry of tissue in direct contact with the encapsulation.  The results of the research 
was a re-evaluation of the contact dose conversion factors, which is currently being published 
and have been adopted by Oak Ridge National Laboratory Radiation Emergency Assistance 
Center/Training Site (REAC/TS).   
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Robotic radiation field mapping 
Radiological emergency situations are hard to plan for due to their evolving nature during the 
event. Response protocol and emergency training does not remove people from potentially 

being exposed to dangerous situations in order to recover. 
These personnel rely on personal radiation detectors in order to 
navigate through the radioactive area unaware of the possible 
danger that could be in the next room. Reacting to sudden 
changes in the environment is even more difficult if the dangers 
around the personnel are not fully known. Even in low dose rate 
radiation environments it would be beneficial to know what the 
dose rates are throughout the work area and additionally what 
paths should be taken to minimize total dose (to levels as low 
as reasonably achievable). An autonomous robot could be very 
beneficial in situations where personnel may be exposed to an 

unknown radiation environment. Robots have already been used in the nuclear industry for 
some time. However, they are often only used in emergency situations as a backup to 
personnel when radiation doses are too high or when the area is difficult to enter. Existing 
systems are almost always tele-operated as well, relying on the skills of the operator to perform 
the task and to be as thorough as possible. An autonomous radiation mapping robot would be 
useful as a response option. This type of robot would need to measure radiation fields, 
autonomously navigate, produce informative information about the radioactive environment, and 
also be easy to use. This radiation robot, being essentially a mobile sensor and aware of its 
location, would be able to use its data to not only produce an overall map of every radiation 
measurement but be able to process this information further to create a mathematically valid 
representation of the environment.  To this end, a radiation mapping robot (RadBot) was 
developed to autonomously map physical and radiation environments.  The system was 
successfully demonstrated to be able to map and locate radiation sources in complex 
environments.  Further development is being undertaken to incorporate dose visualization and 
airborne particulate sampling and analysis.   
 
 
Environmental Safety 
With ever growing interest in environmental protection, the need 
has risen to investigate the effects of radiation and the resulting 
radiation damage to components of the natural environment.  In 
the past the assumption was made, that if humans are adequately 
protected, then other living things, are also likely to be protected. 
This has been addressed by a multitude of guidance documents  

 
 
 
 
 
 

 
 

 
(e.g. IAEA, ICRP). Radiation effects studies at the organism level are the main source of 
knowledge about radiation effects. The main concerns in the long term are the viability and 
success of non-human populations. In order to achieve this, a quantification of radiation effects 
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for representative species as well as analysis of effective doses absorbed by the biota are 
crucial. Additionally, a methodology for dose measurement is needed to correlate effects and 
causes. Experimental radiobiology is at the heart of environmental protection. As an 
experimental methodology to quantify radiation damage it is complemented by dose 
assessment through measurement and simulation with the goal to better understand the effects 
of ionizing radiation. In that context this aspect of the IRC research aims to develop an 
integrated approach to dose prediction, measurement and quantification of radiation effects in 
aquatic biota. Determining the effects of radiation on aquatic non-human biota and as a result to 
aquatic environments is best done by a mixed approach of computational modelling and 
experiments involving tissues in order to quantify radiation damage as well as organisms to 
assess radiation effects. This research has progressed to develop a mixed approach for 
radiation damage assessment in the case of freshwater ecosystems. For this purpose, 
modeling techniques, such as Monte Carlo radiation transport modeling, has been employed to 
assess theoretical doses to non-human biota under a variety of exposure scenarios. Irradiation 
experiments with various gamma energies add to the knowledge base on radiation effects on 
aquatic biota, as well as to experimental dosimetry techniques, and these have been performed 
at UOIT and the Oshawa General Hospital. With this solid foundation on exposure situations 
and biologic effects, Electron Paramagnetic Resonance Spectroscopy (EPR) has been used for 
retrospective dose measurement in continuous environmental monitoring, and can be used 
under accidental exposure situations.  Current research under the IRC is involved with Florida 
Flagfish, Zebra Mussels and mammals of interest to indigenous populations. 
 
In addition to the experimental program, there has research conducted towards predicting dose 
from external exposure due to deposition requires knowledge of the demographic of the 

affected population concerning habits and housing in order to 
use appropriate location and occupancy factors. In the newly 
proposed methodology in the UNSCEAR 2016 report a 
simplified methodology was proposed. This approach uses 
one time-independent location factor for indoor occupancy as 
well as a single occupancy factor that is independent of the 
age and occupation of the population studied. In this research 
the two approaches are compared for a variety of population 
groups and housing types. It was determined that the new 
simplified methodology overestimates the integrated effective 

dose over 100 years for both Cs-137 and Cs-134. However an underestimation of the dose can 
be observed on the short time scales, especially for the shorter lived Cs-134. Additionally the 
annual dose is significantly underestimated for certain types of buildings for both investigated 
radionuclides. It was concluded that, while the simplified methodology can reasonably be 
applied in urban areas, caution has to be exercised in more complex situations like rural areas.  
This research has been peer-review published.   
 
 
Research Facilities and Equipment 
 
See ‘Overview’ above.  To support the research activities of the IRC Chairs UOIT, along with 
UNENE, NSERC and CFI funds 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. 
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Collaborations and Interactions /Consultations with Industry  
 
International collaborations (Senior Chair): 

 Experimental microdosimetry and high energy neutron radiation protection dosimetry – 
CERN, SCK-CEN (Switzerland and Belgium) 

 Microdosimetry – Experimental Methods and Applications, Lennart Lindborg and 
Anthony Waker, CRC Press, 2017 (Karolinska Institutet, Sweden) 

 Advanced Radiation Dosimetry European Network Training Initiative (CERN, 
Switzerland) 

 

Canadian collaborations (Senior Chair): 

 Research Materials Testing Laboratory, Queen’s University (neutron dosimetry) 

 UWO, ORF-RE8 (sever accident mitigation technology) 
 
International collaborations (Associate Chair): 

UNSCEAR 

 Completed being Chair of expert group on discharge methodology and doses from 
electricity generation.  Two UN documents published: 

 Methodology for Estimating Human Exposures due to Radioactive Discharges 

 Radiation Exposure from Electricity Generation 
IAEA 

 Developing Assessment and Prognosis tools 

 Nuclear security exercise planning 

 Emergency Preparedness and Response Training performance indicators 

 Training system improvements for the Incident and Emergency Centre, IAEA 

 Train-the-Trainer workshops for radiation protection in a variety of countries (Greece, 
Vietnam, Albania, Argentina) 

 Subject matter expert input for the IAEA School of Radiation Emergency Management 
(Austria, South Korea, Japan) 

TU Wien (Technical University Vienna) 

 Collaborate on co-supervise PhD student on illicit radiological material trafficking 
data analysis 

 
Canadian collaborations (Associate Chair): 

 Cytognomix: Collaborate with research on Automatic Chromosome Dicentric Analysis 

 VisionTec: Collaborate with research on configurable anthropomorphic phantoms 

 Canadian Nuclear Safety Commission: Official observer for Nuclear Security Force-on-
Force (FoF) exercises at nuclear facilities 

 Western University, ORF-RE (severe accident mitigation technology) 

 Ontario Power Generation, NSERC CRD on Decommissioning Technologies 
 
 
Publications /Journal Papers  
 
Referred Journal Articles 

“Microdosimetry – Experimental Methods and Applications”, Lennart Lindborg and Anthony 
Waker, CRC Press, Taylor Francis Group, Boca Raton, London, New York, 2017  
“Instrument intercomparison in the high energy field at the CERN-EU Reference Field 
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(CERF) facility with the new FLUKA simulations”, N. Dinar, F. Pozzi, M. Silari, S. Chiriotti 
Alvarez, M. De Saint-Hubert, F. Vanhavere, O. Van Hoey, G.M. Orchard, A.J. Waker,  
Radiat. Meas. 117 (2018) 24-34 
 
“Development of heterogeneous proportional counters for neutron dosimetry” 
Faezeh Forouzan and Anthony J. Waker 
13th Symposium on ion and neutron dosimetry, Krakow, May 2018 
Radiation Protection Dosimetry (2018), pp. 1–4, doi:10.1093/rpd/ncx291 
 
“The response of a multi-element tissue equivalent proportional counter in accelerator 
based high-altitude neutron fields”, Gloria M. Orchard and Anthony J. Waker 
13th Symposium on ion and neutron dosimetry, Krakow, May 2018 
Radiation Protection Dosimetry (2018), pp. 1–4, doi:10.1093/rpd/ncx179 
 
“Technical Communication during Nuclear and Radiological Emergencies with the Tools to 
Support International Assessment and Prognosis”, Tzivaki, M., Chaput, J. and Waller, E., 
ASME J. Nuc. Rad. Sci., submitted. 2018.  

 
“Separation of Polymer Mixtures by Length Using a Series of Nanopores connected by 
Nanochannels”, Magill, M., Waller, E. and de Haan, H., J. Chem. Phys., submitted, 2018.  

 
“Nuclear Emergencies and Natural Disasters”, Lafortune, J. and Waller, E., J. Emerg. 
Manag., submitted. 2018. 
 
“On the use of Location and Occupancy Factors for Estimating External Exposure from 
Deposited Radionuclides”, Tzivaki, M. and Waller, E., Health Phys. 115(3): 317-323, 2018.  
 
“A Simulator-based Nuclear Reactor Emergency Response Training Exercise”, Waller, E., 
Bereznai, G., Shaw, J., Chaput, J., LaFortune, J., J. Emerg. Manag.15(6):367-378 , 2017.  

 
“Determination of Activation Products and Resulting Decommissioning Implications for the 
Varian TrueBeam Linear Accelerator”, Waller, E., Ram, R. and Steadman, I., Health 
Phys., 113(3):227-233, 2017. 

 
 “Probabilistic-based Robotic Radiation Mapping using Sparse Data”, McDougall, R., 
Nokleby, S. and Waller, E., ASME J. Nuclear Rad. Sci., DOI 10.1115/1.4038185, 2017.   

 
“Validation of the Rule of Two for Calculating Adversary Neutralization”, Chornoboy, N. 
and Waller, E., J. Phys. Sec. 10(1):1-7. 2017.  

 
“MCNP Simulation of In-Core Dose rates for an Offline CANDU Reactor”, Gilbert, J., 
Nokleby, S. and Waller, E., ASME J. Nuclear Rad. Sci. 3(3):1-6, 2017.   
 
 
Conference Presentation/ Poster 

“Population-scale Biodosimetry with the Automated Dicentric Chromosome Identifier and 
Dose Estimator (ADCI) Software System”, Rogan, P., Ali, S., Li, Y., Shirley, B., Wilkins, R., 
Flegal, F., Cooke, R., Peerla-Proulx, T., Waller, E., Knoll, J., EPR Biodose 2018 
Conference, Munich, Germany. 11-15 June 2018. 
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“The Radiation Dose Response of Mollusc Shells from the Great Lakes”, Tzivaki, M. and 
Waller, E., EPR Biodose 2018 Conference, Munich, Germany. 11-15 June 2018. 

 
“The Use of Virtual Reality as an Instruction and Exercise Tool in the Nuclear Emergency 
Response Community”, Chaput, J. and Waller, E., Annual meeting of the Canadian 
Radiation Protection Association, Quebec City, Quebec, 30 April-3 May 2018. 

 
“Try the Virtual Reality Simulator for Emergency Preparedness and Response”, Chaput, J. 
and Waller, E., Annual meeting of the Canadian Radiation Protection Association, Quebec 
City, Quebec, 30 April-3 May 2018. 
 
“Training and Exercising the Nuclear Safety and Nuclear Security Interface Incidence 
Response through Synthetic Environment, Augmented Reality and Virtual Reality 
Simulations”, Waller, E. and Chaput, J., IAEA Int. Conf. Physical Protection of Nuclear 
Materials and Nuclear Facilities, Vienna, Austria. 13-17 Nov 2017 
 
“Detection of early radiation damage to the eye-lens of rainbow trout”, Marta Kocemba, 
Canadian Radiation Protection Association annual meeting, Saskatoon, June, 2017 
 
“Development of heterogeneous proportional counters for neutron dosimetry”, Faezeh 
Forouzan, Anthony J. Waker, 13th International Symposium on Neutron and Ion Dosimetry, 
May 15-19, 2017, Krakow, Poland  
 
”The response of a multi-element tissue equivalent proportional counter in accelerator 
based high altitude neutron fields”, Gloria M. Orchard, Anthony J. Waker,13th International 
Symposium on Neutron and Ion Dosimetry, May 15-19, 2017, Krakow, Poland 
 
 “On the use of Location and Occupancy Factors for Estimating External Exposure from 
Deposited Radonuclides”, Tzivaki, M. and Waller, E., 4th International Conference on 
Radioecology and Environmental Radioactivity (ICRER), Berlin, Germany. 3-8 September 
2017.  
 
“On the use of Location and Occupancy Factors for Estimating External Exposure from 
Deposited Radionuclides”, Tzivaki, M. and Waller, E., 62nd Annual Meeting of the Health 
Physics Society. Raleigh, North Carolina. 9-13 July 2017.  
 
 “Improved Contact Dose Rate Conversion Factors and Secondary Electron Correction 
Factors for Encapsulated Gamma Sources”, Heritage, E. and Waller, E., 62nd Annual 
Meeting of the Health Physics Society. Raleigh, North Carolina. 9-13 July 2017. 
 
“MCNP Modeling of Various Sand Compositions”, Graham, H. and Waller, E., 62nd Annual 
Meeting of the Health Physics Society. Raleigh, North Carolina. 9-13 July 2017. 
“Development of a Radiation Triage Mask”, Brown, C. and Waller, E., 62nd Annual Meeting 
of the Health Physics Society. Raleigh, North Carolina. 9-13 July 2017. 
 
“International Guidance on Radiation Emergency Management”, Waller, E., Annual 
meeting of the Canadian Radiation Protection Association, Saskatoon, Saskatchewan, 5-7 
June 2017.   
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“Updated Contact Dose Rate Conversion Factors for Encapsulated Gamma Sources 
Including Secondary Electron Emission”, Heritage, E. and Waller, E., Annual meeting of 
the Canadian Radiation Protection Association, Saskatoon, Saskatchewan, 5-7 June 2017.   
 
“Initiatives to Integrate Nuclear Security with Radiation Protection Education and Training”, 
Harris, J. and Waller, E., 6th International Conference on Education and Training in 
Radiological Protection (ETRAP 2017), Valencia Spain. 30 May – 2 June 2017.   
 
“Integrated Engineering Design Approach for Undergraduate Teaching”. Perera, S., 
Waller, E., Ulrich, R., Labana, T., Harvel, G. and Brown, C., Proc. 26th CANCAM. Victoria, 
BC. 29 May – 1 June 2017.   
 
“Experimental Testing of an Autonomous Radiation Mapping Robot”, Hosmar, M., 
Nokleby, S. and Waller, E., Canadian Committee for the Theory of Machines and 
Mechanisms (CCToMM M3 Symposium 2017), Montreal, Quebec. 25-26 May 2017.  
 
“Radionuclide Analysis of Low-Level Radioactive Soil from the Port Granby Waste 
Management Facility”, Adrien Beckford, Anne Nicholas and Robert Petrican, Canadian 
Radiation Protection Association Annual Meeting, Quebec City, June, 2018 
 
 

  




