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UOIT – Anthony Waker IRC 

 – Edward Waller (Associate IRC) 

 

UNENE/NSERC IRC Program:  Health Physics and Environmental 

Safety 
 
 
Overview 
 
The core of the IRC Health 
Physics and Environmental Safety 
research program is to enhance 
radiation protection for nuclear 
energy workers and the 
environment through studies in 
radiation measurement, radiation 
effects and radiation field 
modelling and visualization.  June 
2013 marked the end of the first 
five- year period of the IRC at 
UOIT and in December 2013 we 
received confirmation from NSERC that a second five-year term had been approved. The new 
research program will continue with work already established in the first term concerning 
improved methods of radiation metrology and instrumentation for mixed field monitoring; 
radiation field modelling; and fundamental studies on the effects of low energy beta emitters 
such as tritium.  In addition the new research program will include experimental studies for non-
human biota monitoring as well as environmental radionuclide transport, dose and risk 
assessment. 
  
UOIT continues to develop its research infrastructure and during 2013 the installation and 
commissioning of the Thermo-Fisher P385 neutron generator was accomplished which reaches 
a milestone in the development of a mixed-field neutron-gamma irradiation facility for the IRC 
research in detector development.  
 
Program Results 

Real-time Measurements (Senior Chair) 

Under this research thrust we have continued work on detector development for mixed field 
dosimetry and monitoring under conditions that arise in the operation of CANDU power plants.  
Real-time monitoring is the first-line of defence in nuclear power plant operational health physics 
and our work is providing the Canadian nuclear industry with underlying research and 
development for improving both neutron and tritium monitoring that the industry is no longer 
able to carry out with its own resources.  Canada is a provider as well as a user of nuclear 
power plant technology and maintaining a capability and expertise in nuclear instruments and 
methods is an important indicator of overall competence in nuclear science, particularly when it 
comes to radiation protection issues that are of special interest in CANDU technology such as 
tritium emissions. 
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Mixed Neutron-Photon Dosimetry and Monitoring 

Tissue Equivalent Proportional Counters (TEPCs) are 
recognized for their potential in mixed neutron-gamma 
field radiation protection monitoring and development work 
on these devices is well underway at UOIT.  Currently we 
are focusing on three aspects of the application of TEPCs 
and the methods of experimental microdosimetry to mixed 
field radiation protection dosimetry namely, the use of 

tissue equivalent (TE) counters and heterogeneous counters (TE - non TE) for neutron-gamma 
discrimination; multi-element counters for increased sensitivity and decrease in physical 
dimensions; and computational methods for modeling detector responses in order to explore 
designs for the next generation of multi-element TEPCs.   

As part of the development of research infrastructure for mixed field neutron-gamma dosimetry 
a DD neutron generator has been installed alongside the G10 Cs-137 gamma irradiator.  First 
measurements with standard TEPCs indicate a substantial photon component emanating from 
the P385, which has been localized and characterized as low energy photons of mean energy 

89 keV.  These photons appear to come from the ion-
source of the tube and can be eliminated with 1/8 inch 
of lead shielding.  Figure 1. Shows event-size spectra 
measured with and without lead shielding. 

 

Figure 1. Microdosimetric event-size spectra giving the dose-
fraction as a function of lineal energy measured with a standard 5” 
TEPC with and without a lead shield at a distance of 35 cm from 
the target plane of the DD tube.  Recorded dose-rates were 545 
µGy/h without the lead shielding and 29.6 µGy/h with 3.12 mm 
lead shielding. 

 

 

Characterization of the neutron field and 137Cs/neutron mixed fields is continuing. 
 
Detector Modelling Using Monte-Carlo Methods 

An optimized TEPC design is one that can provide improved sensitivity and dose equivalent 
energy response relative to that offered by current commercial instruments. Two optimized 
TEPC instruments have been designed as part of the PhD research of Fawaz Ali: the Compact 
Multi-Element Tissue Equivalent Proportional Counter (CMETEPC), consisting of 113 cylindrical 
gas sensitive volumes, and the one-quarter inch TEPC-based system (QITEPC), consisting of 
392 spherical TEPCs.   These instruments are approximately 90% smaller than the standard 
counter design. To verify that these optimized counters offer the same or better sensitivity and 
dose equivalent energy response the performance of these instruments when irradiated by the 
252Cf – D2O moderated, 252Cf, and 241Am-Be neutron energy spectra were simulated using the 
Particle and Heavy Ion Transport Code System (PHITS) three-dimensional radiation transport 
code. For the three neutron fields in question it is found that both instrument designs offer the 
same or better sensitivity and dose equivalent response than the standard 12.7 cm diameter 
spherical counter design. 
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Tritium-in-air Measurement 
 

In the Canadian nuclear power industry there is a need to 
monitor tritium in air against a background of gamma 
radiation and potentially other radionuclides.  Gas 
ionization methods remain the most sensitive method for 
the detection of tritium in air, however, the electronegative 
nature of oxygen and water vapour severely limits the 
applicability of proportional counters or other gas-
amplification ionization devices for charge particle 
detection.  An electron attachment spectrometer has been 
constructed with which we can study the performance of 
different counting gases under different conditions. 

This work is being carried out by the post-doctoral fellow, 
Dr. Gloria Orchard. From our results the ideal operating 
conditions for the EAS have been observed, HVEAS = -
1650V at atmospheric pressure.  P-10 gas has been 
identified as the most suitable counting gas as all 
generated signals within the ionization region were 

detected.  From these studies P-10 gas will be selected as the principal counting gas for further 
investigations in mixtures of P-10 and air.  Currently, the development of a THGEM to replace 
the anode wire within the EAS is ongoing and once the THGEM is fabricated and fitted within 
the EAS, studies of the transit time using the THGEM - EAS design will be investigated and 
compared to the wire anode proportional counter design.  From these studies we hope to obtain 
additional information regarding any advantages or disadvantages between the function of an 
anode-wire or THGEM device for the detection of electrons and the ability to use a gaseous 
pulse-type device for the detection of tritium in air.   
 
Radiation Quality (Senior Chair) 

Under this research thrust two projects underway, one concerned with developing a 
microdosimetric description of low-dose exposures and the other with the development of low 
energy photon beams to mimic low energy beta emitters, such as tritium. 
Microdosimetry of Low-Dose Exposures 
 
Quantities and concepts used in microdosimetry best capture the highly stochastic nature of 
low-level exposures in terms of cell-hits and the fraction of cells affected within a tissue. 
However, the concepts of microdosimetry are not generally intuitive to the public or indeed to 
health physicists.  We are addressing this issue by applying the methods of conventional 
internal dosimetry to derive cell-hit numbers and cell-fractions affected by low-level exposures.  
Taking two forms of radioactive iodine and applying both microdosimetric analysis and 
conventional internal dosimetry we have shown that the fraction of cells in the thyroid with direct 
energy deposition and the mean number of energy deposition events experienced by those cells 
are in broad agreement between the two methods.  As an example, the fraction of cells in the 
thyroid gland irradiated by the estimated exposure to I-131 in the vicinity of Fukushima was 1 
and the mean number of energy deposition events in these cells calculated by microdosimetric 
analysis was 8 compared to 23 by conventional dosimetry.  These results, along with others, 
indicate that better methods of modelling real tissue as well as charged particle tracks are 
needed to fully implement a stochastic description of low-dose exposures.  
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Low Energy Photon Mimic for Tritium Beta Particles 

Two of the consequences of the microdosimetric analysis of low dose exposure are that we do 
always have the basic microdosimetric single-event spectra data required for the analysis, 
particularly for low energy beta emitters, and at low doses only a small fraction of the cells in a 
given tissue may actually be directly affected.  Both these aspects of low-dose radiation science 
could be addressed by the development of narrow-beam photon sources that could mimic low 
energy beta emitters.  With such beams microdosimetric and biophysical measurements could 
be made to obtain single-event data for beta emitters that would be difficult to handle (such as 
tritiated water or water vapour) or impossible to use (source encapsulation or very short half-
life).  To this end we have constructed a low energy photon source to mimic the tritium beta-
particle spectrum and have shown by measurement and Monte-Carlo simulation that tritium 
beta spectra can be mimicked to a satisfactory degree. 
 
The next stage in this work is the characterization of the X-ray beam to investigate its uniformity 
and dosimetric properties.  The investigation has begun by studying the properties of 
radiochromic film. Scanning of the exposed film enables the optical density of the film to be 
plotted providing a two-dimensional map of X-ray intensity.  Radiochromic film is a relative, not 
an absolute, means of measuring beam intensity and this work will be complemented by using a 
miniature ionization chamber with which to calibrate the film.    
 
Modelling and Validation of Radiation Fields (Associate Chair) 

There are numerous requirements for modelling and validation of radiation fields in and around 
nuclear power plants.  One PhD student (co-supervised with the senior chair) recently 
completed his PhD defence on Monte Carlo modeling of TEPC detector designs.  

Three active research projects being investigated by graduate students are (i) personnel 
monitoring through modeling portal monitor efficiency and whole body counter efficiency, (ii) 
modeling contact dose rates from shielded sources and (iii) deterministic modeling of radiation 
fields for use in a robotic detection system. 

Personnel monitoring are typically used to measure large groups of persons for contamination 
of radioactive material. When persons may become externally contaminated (i.e. clothing and 
skin) there exists the real threat of internal contamination as well through inhalation or ingestion 
of the loose radioactive material. Of interest is the efficiency of a portal monitor for detecting 
internal contamination.  This work specifically brackets the Thermo Scientific PM12 – personnel 
gamma portal monitor. The PM12 was designed specifically for use in nuclear power plants 
(and is used by OPG).  The BOttle Manikin ABsorber (BOMAB) phantom and portal monitor 

were modeled in the Monte Carlo Neutral Particle (MCNP) 
radiation transport code.  Future studies will include 
deposition of contaminants in various regions of the 
respiratory and GI tracts and determination of efficiency.  
Experiments were conducted to validate the models at the 
OPG Health Physics Laboratory in Whitby, Ontario. The 
Masters student working on this will be graduating summer 

2014.  A separate Masters project to model the FastScan whole body monitors used at 
Canadian nuclear stations is currently being conducted.  A nearly completed Monte Carlo model 
has been constructed and numerous experimental measurements have been conducted at 
Pickering and the OPG Laboratory in Whitby, Ontario.   
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Contact dose rates from shielded sources are significantly higher than point source predicted 
dose rates at 1 cm stand-off distance due, in a 
large part, to electron production in the 
encapsulation.  Contact dose rates are 
important to understand for radiation therapy 
applications, and also for inadvertent exposure 
analysis which would require forensic 
(retrospective) dosimetry estimates.  This work 
involves MCNP modeling of contact dose rates 
and comparison with those tabulated in 
NCRP40 (Protection Against Radiation from 
Brachytherapy Sources).  Secondary electrons 
from the shielded sources were considered and 
compared to published values.  Preliminary 
results indicate that published values 
overestimate the dose by up to a factor of 4.  Work considering a variety of encapsulations, 
sources and scenarios is considered, in addition to dose reconstruction for actual radiation 
injury cases.  One Masters student will be completing on this project in summer 2014, and a 
second masters student will be starting on experimental verification of the simulated results.   

Deterministic field modeling is often useful when rapid near real-time estimates of radiation 
fields are required that are not readily employed using Monte Carlo techniques.  A current 
project to integrate near real-time deterministic radiation fields using a 1-D discrete ordinates 
transport code (ANISN) with a robotic detection platform (RadBot) using simultaneous 
localization and mapping (SLAM) techniques to map a room and localize unknown sources is 
currently underway.  This project is cooperative with the research in real-time measurement 
being conducted by the Senior Chair, and the RadBot project. The MEng student working on 
this project should graduate in 2014, and the output/deliverables from this project will be made 
available to a new MASc student slated for the RadBot project.   
 
Visualization and Mapping of Radiation Fields (Associate Chair) 

In the radiation field, visualization options available for engineers, scientists and health 
physicists have traditionally been based in the 2d realm, with techniques such as the generation 
of isodose curves.  From the perspective of a health physicist the creation of 3d visuals to 
illustrate radiation levels within an environment is an invaluable tool both for training and As Low 
As Reasonably Achievable (ALARA) radiation dose planning.  Two active research projects 
being investigated by graduate students are (i) radiation dose visualization, and (ii) robotic 
assisted dose mapping. 
 
Radiation dose visualization is important especially if a continuous map of radiation field can be 
developed. In this way, a worker can navigate around radiation “hot spots” and therefore reduce 
their personal radiation dose. This research involves a novel technique for the creation of 3D 
visualizations of radiation fields.  The methodology is developed and shown (for example, point 
source on a desk) to be effective within the Google SketchUp Computer Aided Design (CAD) 
software package.  The methodology takes an input file of information stored in coordinate form 
with a representative value at each point. It constructs elemental shapes automatically within 
Google SketchUp at those coordinates.  All shapes are associated with an intensity value 
related to a pre-defined scale.  The shapes are colorized and enhanced with transparency 
effects to complete a radiation field visualization scene.  The initial stage of this work was 
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completed by an MASc student and is being expanded with augmented reality and continued 
vis-a-vis by a PhD student.   
 
RadBot is a robotic tool to help minimize total overall and acute radiation exposure in a variety 
of industrial applications (nuclear power generation, mining, conversion) and emergency 
response scenarios where contact with ionizing radiation is likely.  Radiation maps show how a 
radiation field varies in an area, usually by overlaying intensity isobars on a physical map.  They 
can play an invaluable role in minimizing total overall exposure to ionizing radiation by 
identifying those portions of a region which are potentially harmful to humans and sensitive 
equipment in a format that is easily understood by a wide audience.  A number of techniques for 
generating these fields are outlined in the literature. If it is known ahead of time that an area will 
be mapped, then a network of static sensors distributed ahead of time throughout the range can 
be used to collect the necessary readings required by the map. However in many real-life 
situations where radiation maps could be quite helpful, there is often little or no notice ahead of 
time identifying the area where a map could be useful.  For these cases, an alternative 
approach is required, where radiation sensors must be dynamically positioned throughout the 
area.  When the radiation field intensity is stable and low-enough, this survey can be conducted 
by human operators using hand-held sensors.  However, when the nature of the field is 
uncertain enough or levels are too high to risk human exposure, one versatile alternative is to 
use radiation sensors attached to mobile robots to acquire the necessary data. The most 
significant obstacles to both of these techniques are presented when either obstacles exist in 
the environment that make it impossible to position a radiation sensor throughout the entire area 
being mapped, or if no physical map is available ahead of time.  In these situations, generating 
reasonably accurate useable radiation maps of the complete area will require using both 
predicted radiation intensity values for the inaccessible regions from an appropriately selected 
radiation model (calibrated with sensor readings from the accessible areas) and integrating this 
with a map-making capability to provide the geometrical layout map.  The goal of this research 
is to develop a versatile system for generating radiation maps on-demand for areas in which 
completing a full sensor survey is impossible, or for which there is limited information available 
about the geometrical layout.  RadBot is in a proof-of-principle development stage currently; the 
PhD student involved in the robotics portion of this project should graduate in 2014, and an 
MASc student will join the project to advance the results to prototype. 
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Environmental Effects of Radiation on Non-Human Biota (Associate 
Chair) 

A PhD student is currently establishing the protocols and ethics 
reviews required for experimentally determining the effects of 
radiation on non-human biota, specifically aquatic species (fish).  
This research aligns with current interest in Canada and 
Internationally on protection of the environment and demonstrable 
stewardship.  In conjunction with the PhD student’s preparatory 
work and Monte Carlo modeling of non-human biota, preparations 
are being made for inclusion of an electron spin resonance 
spectrometer for non-human biota studies.  Masters students are 
planned for elemental and OBT tritium in the environment 
modeling.  
 
 
Research Facilities and Equipment 

UOIT has dedicated laboratories for detector development, aerosol research and environmental 
radiation measurements.  The aerosol research lab is designed for powder and liquid aerosol 
characterization and is fully equipped with research instruments such as 
particle sizers; portable aerosol spectrometers; cascade impactors; 
flow/volume simulator (breathing machine) and ball mills. 
 
The installation of a Hopewell Designs G10 caesium gamma irradiator 
was completed in 2012. Installation and licencing of a D-D Thermo-Fisher 
P385neutron generator purchased from funds generated by a McMaster 
University CFI grant on which UOIT was a partner applicant was achieved 
in 2013 and completes the set-up of a mixed field irradiation facility at UOIT. 
UOIT has aquired an RMD gamma camera system purchased with the same McMaster CFI 
funds for the remote detection and indentification of radiation sources which will be used in our 
radiation field visualization research. The RMD gamma camera is currently being used at UOIT 
in an investigation of photon emission from the recently installed Thermo-Fisher P385 neutron 
generator. The camera contains a CsI crystal detector and position sensitive Photo multiplier 
tube which is aligned with a video camera.  Once the nuclear and video images are correctly 
aligned the camera can be used to remotely locate and spectrally analyze sources of radiation 
such as the X-ray emission from the ion-source of the neutron generator. A Nested Neutron 
Spectrometer (NNS) has also been acquired courtesy of the Queen’s University Material 
Science Accelerator CFI project.  The spectrometer will be used in the assessment of the 

neutron fields produced by the Queen’s accelerator facility.  The NNS 
is also a significant addition to the tools available to us for neutron 
monitoring and the characterization of experimental neutron detectors. 
 
An Electron Spin Resonance (ESR) spectrometer is budgeted for year 
2 of the chair renewal to be utilized in environmental radioactivity 
studies.   
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HQPs 

Current HQPs 
HQPs under training during 2013: 
Senior Chair – 1PDF; 3 PhD (one co-supervised with associate Chair); 3 MASc; 2 MEng. 
Associate Chair – 6 PhD; 8 MASc; 1 MEng 
 
HQP - Graduated   
One PhD in 2014 (seeking Post-Doctoral position). Three Masters students graduated from the 
UOIT IRC program during 2013 (One MASc and two M.Eng with project); two of the graduated 
HQPs work for a radiation and nuclear consulting company and one has applied for further 
graduate work in medical physics. 
 
 
Presentations 
 
A total of 11 presentations by IRC HQPs in training have been made during the year at various 
national and international conferences including the Canadian Radiation Protection Association 
annual meeting; the Health Physics Society annual meeting; the Canadian Nuclear Society annual 
meeting; the 12th International Neutron and Ion Dosimetry Symposium, Neudos 12; International 
Conference on Applications of Nuclear Techniques – Crete 13.  Fawaz Ali, a PhD candidate jointly 
supervised by Drs. Waller and Waker, obtained an Honorable Mention, Student Award by the 
Health Physics Society Accelerator Committee for his presentation “A Compact Multi Element 
Tissue Equivalent Proportional Counter for Low Energy Neutron Fields” and was also placed third 
for best poster at the UNENE annual workshop and student presentations.  
 
 
Publications 2012/2013 
 
1. Measurements of Neutron Energy Spectra from 7Li( P,N)7Be Reaction with a Bonner Sphere 

Spectrometer,  Nested Neutron Spectrometer and Rospec  J. Atanackovic1,*,W. Matysiak, 
S.Witharana, J. Dubeau and A. J.Waker  doi:10.1093/rpd/nct314 

 
2. Characteristics and Function of an Electron Attachment Spectrometer: Pulse Formation 

Time and Gas Gain Effects in P10 Gas G.M. Orchard, A.J. Waker, Applications of Nuclear 
Techniques (CRETE13), Int. J. Modern Phys: Conference Series, 27 (2014),  
doi:10.1142/S2010194514601410 

 
3. Intercomparison on Monte Carlo Radiation Transport Codes to Model TEPC Response in 

Low Energy Neutron and Gamma Ray Fields, Ali, F., Waker, A. and Waller, E., Rad. Prot. 
Dos. 2013. doi: 10.1093/rpd/nct260 

 
4. Design of a Hybrid Computational Fluid Dynamics – Monte Carlo Radiation Transport 

Methodology for Radioactive Particulate Resuspension Studies, Ali, F. and Waller, E. 
Health Phys., accepted, 2014. 

 
5. Screening of Internal Contamination using Nasal Swabs and Facial Swipes, Ko, R., Shew, 

C., Perera, S., Said, B., Nielsen, K., Waller, E. and Li, C., J. Radio. Anal. Nuc. Chem., under 
review, 2014. 
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6. Section VI. Comments by Critical Reviewers for 60th Session of UNSCEAR document 
entitled Methodology for Estimating Human Exposures Due to Radioactive Discharges, 
prepared as Chairperson, Expert Group on Discharge Methodology (EGDM), 3. February 
2013. 

7. Radiation Protection and Environmental Safety, Waller, E., in “CANDU Reference 
Textbook”, CANDU Owners Group/UNENE, Toronto, 2012. In print 2014. 

 
 
Conference Presentations 2012/2013 
 
1. “Environmental Microdosimetry and the Stochastic Analysis of Low-Dose Exposures”, A.J. 

Waker, 16th Sympsium on Microdosimetry, Treviso, Italy November 2013 
 
2. “Design of an Inspection Robot Crawler for CANDU Fuel Channels”, Manning, M., Shukla, 

S., Nokleby, S. Waller, E.  CSME International Congress 2014. Toronto, ON. 1-4 June 2014. 
 
3. “Design and characterization of a compact multi-element tissue equivalent proportional 

counter for use as a personal and portable dosimeter in low energy neutron fields”, Ali, F., 
Waker, A. and Waller, E. Health Physics Society 58th Annual Meeting, Madison, WI, 7-12 
July 2013 

 
4. “Intercomparison of Monte Carlo Radiation Transport Codes to Model TEPC Response in 

Low Energy Neutron and Gamma Ray Fields”, Ali, F., Waker, A. and Waller, E., 12th Neutron 
and Ion Dosimetry Symposium NEUDOS-12. Aix-de-Provence, France. 3-7 June 2013. 

 
5. “Simulation of a Compact Multi Element Tissue Equivalent Proportional Counter Response 

in Low Energy Monoenergetic Neutron Fields”, Ali, F., Waker, A. and Waller, E., 34th Annual 
Conference of the Canadian Nuclear Society, Toronto, Ontario, 9-12 June 2013. 

 
6. “Determining Transfer Factors of Non-Human Biota”, Saberi, A., Akhtar, A., Menon, N., 

Cockerham, J., Wong, C. and Waller E., 34th Annual Conference of the Canadian Nuclear 
Society, Toronto, Ontario, 9-12 June 2013. 

 
7. “Material Characterization of High Density Concrete Using Different Analytical Techniques to 

Support Licencing Requirements for a Class II Radiation Facility”, Joshi, A., Waller, E., 
Waker, A., Machrafi, R., Eastcott, J. and Perera, S. 34th Annual Conference of the Canadian 
Nuclear Society, Toronto, Ontario, 9-12 June 2013. 

 
8. “Experimental Modeling of Radioactive Particle Resuspension”, Perera, S. and Waller E., 

34th Annual Conference of the Canadian Nuclear Society, Toronto, Ontario, 9-12 June 2013. 
 
9. “Experimental Testing of a Probabilistic-Based Radiation Mapping Robot, McDougall, R., 

Nokleby, S. and Waller, E., 2013 CCToMM Symposium on Mechanisms, Machines, and 
Mechatronics, Montreal, Quebec, 30-31 May 2013 

 
 
Cases with Realized Outcomes to Industry 
 
The UNENE Chair holders at UOIT have interacted with their nuclear energy partners on a 
number of levels regularly through the year.  At the program level the senior Chair is a member 



UNENE ANNUAL REPORT 2013  77  

of the Candu Owners Group (COG) Technical Committee for Health, Safety and the 
Environment and as such participates in the discussion and decision-making concerning the 
COG R&D program.  Associated with guidance of the COG research and development program 
is the Health Physics Working Group for which the senior Chair is also a participating member.  
Examples of industry-partner activity at the technical and research level are collaboration with 
AECL scientists on neutron spectrometry and dosimetry; collaboration with AECL and OPG 
scientists on whole-body counter modelling using Monte-Carlo methods.  
 
The expertise of the UNENE Chair holders and in particular that of the associate Chair, Dr. 
Waller, has been valued and used by the UNENE industrial partners to provide expert 
participation in a broad range of workshops and conferences on key emerging issues in 
radiation protection.  Examples of these activities are given below: 
 

 Chairperson, Expert Group on Discharge Methodology (EGDM), appointed by the 
UNSCEAR Secretariat, July 2012 – current 

 Designated as delegate to UNSCEAR 61st Session, United Nations, Vienna, Austria, 26-
30 May 2014 

 IAEA/EC Nuclear Security Modules (I) (NS9) Security of Nuclear and other Radioactive 
Material in Transport, (II) Crisis Management, (III) (NS19) Nuclear Forensics and 
Attribution, (IV) International Approach, Technische Universiteit Delft - TUDelft, Delft, 
Netherlands, 2-13 December 2013 

 IAEA/EC Nuclear Security Modules (I) (NS22) IT/Cyber Security, (II) (NS23) Nuclear 
Security Management, Fachhochschule Brandenburg - University of Applied Sciences, 
Brandenburg, Germany, 7-18 October 2013 

 IAEA/EC Nuclear Security Modules (I) (NS11) Interdiction and Response to 
Unauthorized Acts, (II) (NS10) Detection of Criminal or Unauthorized Acts, Vienna 
University of Technology - Atominstitut, Vienna, Austria, 26 August – 6 September 2013 

 IAEA/EC Nuclear Security Modules (I) E13 (NS8) Physical Protection Technologies, (II) 
E1 Communications II, (III) E9 (NS4) Methods and Instruments, Vienna University of 
Technology - Atominstitut, Vienna, Austria, 17-28 June 2013 

 IAEA/EC Nuclear Security Modules (I) E8.1 (NS5) Nuclear energy, nuclear fuel cycle 
and applications, (II) E8.2 Effects of radiation, safety and radiation protection, (III) E12 
(NS7) Physical protection systems, Technische Universiteit Delft - TUDelft, Delft, 
Netherlands, 4-15 March 2013 

 IAEA/EC Nuclear Security Modules (I) Nuclear physics, (II) E6 (NS1) Introduction to 
Nuclear Security, (III) E7 (NS2/NS13) International and national Legal Framework, (IV) 
E5 (NS6) International Nuclear Approach, (V) Communications I, (VI) E11 (NS6) Threat 
Assessment, Fachhochschule Brandenburg - University of Applied Sciences, 
Brandenburg, Germany, 4-15 March 2013 

 47th Midyear Topical Meeting of the Health Physics Society, Professional Enrichment 
Program (PEP) course entitled “Introduction to Nuclear Security I”, 2 hr PEP worth 4 
Continuing Education Credits (CEC) by the ABHP for CHP continuing education, Baton 
Rouge, LA, 9 February 2014.  
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 47th Midyear Topical Meeting of the Health Physics Society, Professional Enrichment 
Program (PEP) course entitled “Introduction to Nuclear Security II”, 2 hr PEP worth 4 
Continuing Education Credits (CEC) by the ABHP for CHP continuing education, Baton 
Rouge, LA, 9 February 2014.   

 47th Midyear Topical Meeting of the Health Physics Society, Continuing Education 
Lecture (CEL) entitled “Nuclear Reactor Radiation Shielding”, 1 hr CEL worth 2 
Continuing Education Credits (CEC) by the ABHP for CHP continuing education, Baton 
Rouge, LA, 11 February 2014.   

 58th Annual Meeting of the Health Physics Society, Professional Enrichment Program 
(PEP) course entitled “Tools and Strategies for Modeling Radionuclides in the 
Environment, Part I”, 2 hr PEP worth 4 Continuing Education Credits (CEC) by the 
ABHP for CHP continuing education, Madison, Wisconsin, 7 July 2013.   

 58th Annual Meeting of the Health Physics Society, Professional Enrichment Program 
(PEP) course entitled “Tools and Strategies for Modeling Radionuclides in the 
Environment, Part II”, 2 hr PEP worth 4 Continuing Education Credits (CEC) by the 
ABHP for CHP continuing education, Madison, Wisconsin, 7 July 2013.   

 Technical Program Committee, American Nuclear Society 18th Topical Meeting of the 
Radiation Protection and Shielding Division, Knoxville, TN, 14-18 September 2014 

 Technical program Committee, Canadian Nuclear Society 34th Annual Conference, 
Toronto, Ontario, 9-12 June 2013 

 Reviewer for Natural Sciences and Engineering Research Council, CRD Grant proposal, 
Fall 2013 

 Manuscript reviewer for the Journal of Medical Research and Development, Fall 2013. 

 Manuscript reviewer (3 manuscripts) for the 34th Annual CNS Conference, 2013.   

 MITACS College of Reviewers, 2013 

 
The Chair holders are also engaged in a number of nuclear community and educational 
initiatives such as: 
 

• Meetings with OPG Health Physics Department, Whitby on Health Physics and the 
Environment 

• Durham Nuclear Health Committee membership (& host location) 

• Undergraduate Internship Programs (CNSC, Bruce, OPG) 

• Dr. Waker is an associated partner in a 
European Union multi-university-industry 
consortium headed by CERN for a European 
‘Marie Curie Initial Training Network’ for 
advanced radiation dosimetry (ARDENT 
http://ardent.web.cern.ch/ardent/ardent.php). 
This training program is aimed at developing 
advanced methods of dosimetry for radiation 

http://ardent.web.cern.ch/ardent/ardent.php
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therapy and radiation biology and the training of HQPs (early stage researchers) 
specializing in detector development and radiation measurement.  Dr. Waker was invited 
faculty for  
the 2nd Annual ARDENT Workshop held at the Politecnico di Milano, November, 2013. 

  




