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Abstract ……..

In order to gather more and more accurate information on the behaviour of Radiological 
Dispersion Devices (RDDs), a set of experiments was performed.  These experiments built on the 
existing body of knowledge and included many of the world's leading authorities in RDD physics, 
modelling and atmospheric dispersion.  Beginning with indoor tests to characterize the explosive 
used to perform the dispersion of our radioisotope, the experiments culminated in a series of three 
outdoor releases of a short-lived tracer isotope, 140La.   

The dispersion and deposition from these outdoor explosive releases were monitored and 
recorded using a wide variety of instruments.  Radiation was monitored using fixed point large 
volume gamma detectors, a large number of small volume gamma detectors (260), truck and 
helicopter mounted spectrometry equipment, hand-held survey instruments, and air-samplers.  
Weather conditions were monitored from three mobile meteorological stations, as well as through 
the launching of weather balloons.  There were also LIDAR, high speed video, and wide-field 
video monitoring of the explosions and subsequent plumes. 

The unique data sets gathered during these releases fed existing RDD modelling efforts and will 
be shared with our allies to inform future generations of models and risk assessments. 

Résumé ….....

Une série d'expériences a été effectuée afin de recueillir des informations plus nombreuses et plus 
précises sur le comportement des dispositifs de dispersion radiologique (DDR). Ces expériences 
étaient fondées sur l'ensemble des connaissances existantes et elles incluaient celles de 
nombreuses sommités du monde de la physique et de la modélisation des DDR et de la dispersion 
atmosphérique. En commençant par des tests effectués à l'intérieur afin de caractériser l'explosif 
utilisé pour effectuer la dispersion de notre radioisotope, les expériences se sont conclues avec 
une série de trois rejets en plein air d'un traceur isotopique à courte vie, le 140La. 

La dispersion et le dépôt de ces rejets d'explosion en plein air ont été surveillés et enregistrés en 
utilisant une grande variété d'instruments. Le rayonnement a été contrôlé à l'aide de détecteurs 
gamma fixes à grand volume, d'un grand nombre de petits détecteurs de rayonnement gamma  à 
petit volume (260), d'équipements de spectrométrie embarqués dans des camions et hélicoptères, 
des instruments de mesure à main et des échantillonneurs d'air. Les conditions météorologiques 
ont été suivies à partir de trois stations météorologiques mobiles, y compris des ballons 
météorologiques. On a aussi effectué la surveillance des explosions et des panaches ultérieurs par 
LIDAR, vidéo haute vitesse et vidéo à champ étendu. 

Les jeux de données uniques recueillis au cours de ces rejets ont alimenté les travaux de 
modélisation des DDR en cours et ils seront partagés avec nos alliés pour donner forme aux 
futures générations de modèles et pratiques d'évaluation des risques. 
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Executive summary

Completion report for CRTI 07-0103RD: "Full-Scale RDD 
Experiments and Models"

Lorne Erhardt; Debora Quayle; Scott Noel; DRDC Ottawa TR 2013-056; Defence 
R&D Canada – Ottawa; October 2013. 

Introduction or background: Project CRTI 07-0103RD “Full-Scale Radiological Dispersal 
Device Experiments and Models” was funded by the DRDC Centre for Security Science (CSS) in 
order to characterize the real-world effects of radiological dispersal devices (RDDs) better and to 
allow Canada to be better prepared to respond to them.  This project, led by DRDC Ottawa, 
spanned five years and involved a total of 18 national and international organizations, 9 of which 
were official project partners.  The project involved both an experimental stream and a modelling 
stream.  The modelling stream investigated how best to integrate physics models relevant to the 
different time and distance scales involved in an RDD.  The experimental stream involved a 
series of experiments with inert (non-radioactive) material designed to characterize the explosive 
dispersal device that was later reproduced for full-scale outdoor dispersal experiments using a 
short-lived radioactive material as a tracer. 

Results:  The modelling stream resulted in a method for taking the output of an AUTODYN 
hydrocode simulation and using that as an input to the computational fluid dynamics code CFX 
while conserving energy and momentum.  Outputs of the modelling stream have been transferred 
to international partners and to industry for exploitation.  The culmination of the experimental 
stream was a series of three explosive dispersal experiments that were carried out in the spring 
and fall of 2012 on the DRDC Suffield Experimental Proving Grounds.  These trials resulted in 
an extensive dataset from a wide variety of instruments and detection systems.  These systems 
measured the near-real-time passage of the plume, the deposition on the ground, and the 
meteorological conditions of the trials in great detail.  The result is a unique set of data from 
outdoor radioactive dispersals, spanning all distance and time scales of an RDD event from the 
explosive shock wave travelling through the material to the plume formation and evolution to 
deposition. 

Significance:  As a result of this project Canada and its allies have a better understanding of RDD 
events and enhanced capabilities in consequence prediction and response planning.  These 
enhanced capabilities include better modelling tools, procedures for working in large-scale 
contaminated environments, methods for joint response and tools for collecting and interpreting 
field data from a variety of operational detection systems.  These capability enhancements apply 
in both a civilian and military context.

Future plans: In the coming months to years the project team will publish results in both open 
literature and internal documents.  This will ensure that end-users of these results are aware of the 
work that has been performed under this project. Thorough documentation will also help maintain 
our capability to perform similar field experimental work in the future. 
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Sommaire .....

Completion report for CRTI 07-0103RD: "Full-Scale RDD 
Experiments and Models"

Lorne Erhardt; Debora Quayle; Scott Noel ; DRDC Ottawa TR 2013-056 ; R & D 
pour la défense Canada –  Ottawa; octobre 2013. 

Introduction ou contexte : Le projet IRTC 07-0103RD, Expériences et modèles de dispositifs de 
dispersion radiologique pleine échelle, a été financé par le Centre des sciences pour la sécurité 
(CSS) de RDDC afin de mieux caractériser les effets des dispositifs de dispersion radiologique 
(DDR) dans le du monde réel et pour permettre au Canada d'être mieux préparé à y répondre. Ce 
projet, dirigé par RDDC Ottawa, s'étend sur cinq ans et un total de 18 organisations nationales et 
internationales, dont 9 étaient des partenaires officiels du projet, y participait. Le projet 
comportait à la fois un flux expérimental et un flux de modélisation. Le flux de modélisation 
étudiait la meilleure façon d'intégrer les modèles physiques pertinents aux différentes échelles de 
temps et de distance liées aux DDR. Le flux expérimental comportait une série d'expériences avec 
de la matière inerte (non radioactive) qui avaient été conçues pour caractériser le dispositif de 
dispersion explosive qui a ensuite été reproduit pour effectuer des expériences de dispersion en 
plein air à pleine échelle à l'aide d'une matière radioactive de courte période comme traceur. 

Résultats : Le flux de modélisation a abouti à une méthode permettant d'utiliser les extrants d'une 
simulation réalisée avec l'hydrocode Autodyn comme intrants pour des calculs effectués avec le 
code de calcul de dynamique des fluides CFX tout en conservant l'énergie et le moment. Les 
extrants du flux de modélisation ont été transférés aux partenaires internationaux et à l'industrie 
en vue de leur exploitation. Le point culminant du flux expérimental a été une série de trois 
expériences de dispersion par explosifs effectuées au printemps et à l'automne 2012 au Polygone 
d’expérimentation et d’essais de RDDC Suffield. Ces essais ont produit un vaste jeu de données 
provenant d'une grande variété d'instruments et de systèmes de détection. Ces systèmes ont 
mesuré le passage en temps quasi réel du panache, le dépôt de matière sur le terrain et les 
conditions météorologiques des essais dans les moindres détails. Les données recueillies 
constituent un ensemble unique de données provenant de dispersions radioactives en plein air, 
couvrant toutes les échelles de distance et de temps d'un événement DDR, du déplacement de 
l'onde de choc de l'explosion à travers le matériau jusqu'à la formation d'un panache et son 
évolution jusqu'au dépôt de matière.

Importance : À la suite de ce projet, le Canada et ses alliés ont une meilleure compréhension des 
événements DDR et ils disposent de capacités améliorées en matière de prévision des 
conséquences et de planification des interventions. Ces capacités améliorées comprennent de 
meilleurs outils de modélisation, des procédures de travail dans des environnements contaminés à 
grande échelle, des méthodes d'intervention conjointe et des outils pour la collecte et 
l'interprétation des données sur le terrain à partir d'une variété de systèmes de détection. Ces 
améliorations des capacités s'appliquent aux contextes civils et militaires. 

Perspectives : Au cours des prochains mois, voire des prochaines années, l'équipe du projet 
publiera des résultats. Cela prendra la forme d'articles dans des publications publiques et dans des 
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publications internes afin d'informer les utilisateurs finals de ces résultats et de maintenir notre 
capacité d'effectuer éventuellement des travaux expérimentaux dans des domaines semblables. 
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1 Introduction 

Terrorist use of a Radiological Dispersion Device (RDD) is recognized in Canada as a significant 
threat [1].  Due to the lack of high-precision, high-confidence and experimentally benchmarked 
modelling tools, current RDD response planning could be significantly overly conservative, or 
not sufficiently stringent. To help shed light on this uncertainty, CRTI funded Project # CRTI-07-
0103RD (Full-Scale RDD Experiments and Models) led by DRDC Ottawa.  This project provides 
a consolidated set of data from experiments and field trials and sets the ground work for improved 
RDD effect models for consequence estimation before and/or after an explosive RDD event.  

The project accomplished this by studying a series of actual explosive dispersions of short-lived 
radioactive material simulating RDD threat material.  The radioisotope used (140La) has a short 
half-life (40 hours), making it possible to gather realistic data easily without risk to personnel or 
the environment.  These real-world data were used to inform an improved set of RDD modelling 
toolkits and to increase the general understanding of RDD threats within the Canadian federal 
government and our allies. 

1.1 Purpose 

The overall purpose of the project was to improve Canada’s ability to prepare for, respond to and 
recover from an RDD attack by providing high fidelity data sets for characterizing RDD effects.  
In order to achieve this, a secondary goal was the establishment of a team with the diverse skills 
required to prepare and perform the experiments and analyse the data produced. 

Preparing this team required an investment in training, equipment procurement and in some cases 
equipment design and fabrication.  The level of cooperation was substantial and the result has 
been excellent data and the creation of a team of experts who are now eminently qualified to 
provide advice and assistance in the event of a real-world RDD incident.  Additionally, 
intercomparisons between operational detection systems in a realistic contamination environment 
provide experience and confidence in field measurements.   

1.2 Links to CSS Capabilities 

This is linked to the following CSS capabilities: Threat Intelligence (Ex1) and Consequence 
Management (Ex4).   

1.2.1 Explosives (Ex 1 – Threat Intelligence) 

The DRDC Centre for Security Science currently uses the CRTI Consolidated Risk Assessment 
[1] to weigh the relative risks of a variety of CBRN threats. The Probabilistic Risk Assessment 
Tool developed by DRDC Ottawa (PRA Tool, CRTI 02-0024RD) is also currently used to assess 
the relative risks associated with various radiological weapon threats.  Both of these risk 
assessments will benefit from the data delivered by this project, given the exhaustive work 
performed characterizing all aspects of the experimental device and its post-detonation effects.  
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1.4 Scope 

With the evolving realities of the project, the scope unavoidably evolved, increasing in some 
areas and decreasing in others.   

With shifting priorities and loss of personnel, the DRDC Ottawa modelling effort was 
discontinued. This necessitated a reduction in the scope of the modelling stream, and the shifting 
of modelling tasks to project partners.  Modelling did continue, with project funds being spent on 
sub-contracted modelling work (SimuTech Group Inc.) and an increased in-kind effort by the UK 
Atomic Weapons Establishment, who stepped up to merge modelling from the RDD project with 
their existing and ongoing source-term modelling efforts. 

With modelling commitments being partially absorbed by a third party (AWE), remaining project 
modelling funds were reallocated for experiment execution and contributed to the successful 
completion of three full-scale outdoor releases. 

This change in scope and the transitioning of the remaining modelling to international participants 
(US & UK) was approved during the Project Review Committee Meeting (20 November 2012). 
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2 Methods 

Any discussion of methodology must stress foremost, the disparate subject matter experts and 
teams that had to be assembled and work together towards common goals.  There were many 
aspects of this project that could have easily formed the basis of a separate project (creation of 
radiation data logging devices, model review and integration, creation of a new LIDAR system, et
cetera). 

2.1 Overview 

This project comprised two parallel streams:  

1. An experimental stream, and 

2. A modelling refinement stream.   

The two streams were integrally linked.  The experiment design was, to a large extent, informed 
by gaps in the existing modelling approaches.  Many of the experiment parameters were devised 
specifically to provide input for models (e.g. explosive device design).  Almost all of the data 
collection was determined by the input requirements for the modellers (meteorological data, 
location and frequency of radiation detection equipment, et cetera).

2.2 Experimental methods 

The experimentation stream consisted of three phases: Indoor experiments with inert material, 
outdoor experiments with inert material, and full-scale outdoor experiments using short-lived 
radioactive material. 

2.2.1 Indoor experiments with inert material: 

The indoor experiments were conducted to characterize the shape and size of the La2O3 particles 
post-blast. The explosive device was the same design as was later used in the outdoor field trials. 
Results were used to refine the input parameters for the selected modelling algorithms, and to 
provide information for the development of the outdoor tests. 

– The experimental explosions were performed by RMC and by SNL.   

– Analysis of the resulting debris was performed by HC and SNL (particle size) and Acadia 
University (particle morphology). 

2.2.2 Outdoor experiments with inert material:  

Outdoor trials using the proposed device, detonation system, and payload were conducted in order 
to confirm that the device worked as expected, to practice procedures for loading the radioactive 
source and identify potential issues ahead of time, and to time the process to facilitate scheduling 
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on the days of the shots. Both regular and high-speed video were recorded to capture 
characteristics of the device immediately post-blast and until atmospheric transport mechanisms 
carried the plume downwind.  Additionally, flash x-ray images were obtained showing the 
detonation wave moving through the explosive device and the resulting effects on the payload 
(compression, acceleration, et cetera). 

– These tests were done by DRDC Suffield and DRDC Valcartier. 

2.2.3 Full-scale outdoor experiments:  

Short-lived radioactive material (approximately 37 GBq of 140La at each detonation) was 
explosively dispersed at the Experimental Proving Grounds (EPG) at DRDC Suffield, simulating 
actual RDD events.  Lanthanum was chosen due to its short half-life (40 hours), ease of 
production in required quantities, and ease of detection.   

This final phase was by far the most involved and difficult.   

– Prior to the trials, aside from the experimental planning itself, acquiring permissions from 
the site and regulatory approval took several years of concerted effort. 

– During the trials, it was necessary to maintain a small community of scientists, engineers, 
technicians, and military personnel, on the EPG for three weeks at a time.  Requirements 
for food, water, sanitation, electricity, shelter, as well as all the support for the equipment 
(fuel, compressed gasses, masts, mounts, stands, et cetera) had to be addressed through 
careful planning and execution.  

The data collection was done on a similarly grand scale.  In order to measure and document the 
experimental conditions and resulting distribution of the radioactive material, the following 
capabilities were engaged: 

To track and/or measure atmospheric transport immediately following detonation: 

LIDAR optical remote sensing (overseen by DRDC Valcartier); 

High-speed videography (overseen by DRDC Suffield); 

Near-real-time monitoring of the radiation field during the dispersion, using an array 
of 250 gamma detectors fixed at 1m from the ground, extending from 10m to 450m 
downwind (overseen by ISR); 

Additional down-range and perimeter monitoring in near-real-time, using 
strategically placed RS-250 NaI detectors (overseen by HC RPB); and 

Downrange air sampling using high-volume samplers. At several locations, air 
samplers were stacked vertically up to 10m.  (overseen by DOE) 

To measure deposition: 

Airborne radiation survey and mapping (overseen by NRCan); 

Beta measurements of 350 witness plates (250 were affixed to the detector stands in 
the array) carried out by field teams using hand-held instruments (AB-100 and 
SVG-2) (overseen by DRDC Ottawa);   
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Air samplers were mounted at 10m on each tower. Far-field air samplers are not shown.  Met 
tower (not shown) was approximately 20m upwind from GZ. 

More information (type of equipment deployed and operational plans) can be found in the Field 
Trial Plan (FTP) [5], the Experiment Plan [6] and in the After Action Report [7], as well as in 
individual publications from the group and from individual partners (See Annex C). 

2.3 Modelling methods 

Previous CRTI projects 02-0024RD & 03-0018RD have experimentally examined aspects of 
RDDs and developed models to better understand the physical phenomena involved.  They served 
to highlight the need to expand the scope of the experiments and models in order to produce 
modelling tools capable of predicting the real-world behaviour of an RDD. 

The original project plan included an agent-based modelling approach.  This was dropped from 
the scope of the project due to international contracting issues and loss of key personnel at DRDC 
Ottawa (approved at the 12 January 2011 Project review Committee Meeting). This approach will 
therefore not be discussed further in this report. 

2.3.1 Model investigation and acquisition 

The modeling stream began with the comprehensive and systematic investigation and acquisition 
of ‘best-of-breed’ computer simulations for RDD events in terms of each code’s functionality and 
underlying infrastructure. Codes acquired were not simple one-size-fits-all RDD modelling codes, 
but disparate codes designed to model individual characteristics of physical events.  In the case of 
RDDs, fireball physics, hot gas transport, and transition to atmospheric dispersion codes needed 
to be investigated, specifically the following: 

Finite element solvers for computational structural dynamics (FE)  

Finite volume solvers for fast transient Computational Fluid Dynamics (CFD and CFX)  

Mesh free particle solvers for high velocities, large deformation and fragmentation (SPH)  

Multi-solver coupling for multi-physics solutions including coupling between FE, CFD and 
SPH

Once the basic building-blocks (disparate algorithms) were chosen, they were combined.  A basic 
modelling "footprint" was established. This work was done by the DRDC Ottawa Synthetic 
Environments Group and by David Cornwell, a subcontractor to ISR. 

2.3.2 Model validation 

Simply combining the codes is not a trivial task.  The footprint was established with the most 
rudimentary combination.  As the different algorithms reflect the different physics from each 
stage of the event (i.e. fireball physics takes place over very short distances at very high energies, 
whereas atmospheric dispersion takes place over large distances at very low energies), the output 
of one algorithm is poorly suited to feed the input of the subsequent algorithm.   
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Significant modification to the code and to the user interfaces (that allow manipulation of data 
through the codes) was undertaken.  The codes had to demonstrate that both mass and energy 
were conserved when moving from one set of algorithms to the next (i.e. fireball to rising gas to 
atmospheric dispersion).  This work was done by SimuTech Group Inc (subcontractor to ISR) 
with oversight by the DRDC Ottawa Synthetic Environments Group. 

2.3.3 Model refinement 

The linked modelling code was shared with the AWE group with the goal of using the data from 
the live outdoor trials to verify the function and to refine the performance of the code.  This work 
is currently being performed by AWE  

The further step of modifying existing RDD dispersion code has also been undertaken.  
Modifications to existing atmospheric dispersion codes are being explored by AWE, EC and HC.  
ISR is interested in incorporating the results into their commercially available suite of training 
software (S3EXERCISE).   DRDC Centre for Security Science has recently received a proposal 
for a Community Development Study to perform an inter-comparison between three Canadian 
RDD dispersion modelling codes using the data from this project as a benchmark. The study will 
compare a new code being developed at Atomic Energy of Canada Limited to existing codes in 
use operationally by Environment Canada and Health Canada. 
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3 Results 

The following section gives a high-level description of the results of the project in general and the 
trials in particular.  More in-depth results are beyond the scope of this report, and will be 
published elsewhere.  Preliminary experimental results were presented by the project team 
members at the US/UK/Canada Conference on Full-Scale RDD Field Trials in February 2013.  
The presentations and discussion from that meeting will be published in a DRDC Ottawa 
Technical Note, but are listed here in section C.2.  Finalized results will be presented and 
published in a mix of internal and open meetings, conferences and journals. 

3.1 Overview 

The initial project proposal [11] identified four core results: 

1. High fidelity field data from live RDD detonations constructed from those scenarios currently 
ranked “highest risk”.  This will be a first-of-a-kind RDD characterization data set.   

This has been fully achieved.  Discussion of the individual data sets can be found 
below in section 3.2. 

2. Modeling code capable of customizable source-term manipulation. This innovation will 
significantly expand our understanding of RDD events, while providing the ability to tailor 
preparedness and response protocols for different scenarios. 

This is an on-going effort; the progress is discussed in section 3.3. 

3. Arsenal of detection and monitoring techniques tailored to real-world radiation dispersal 
events (intentional or accidental) by a collaboration of internationally recognized CBRNE 
experts.  Many of Canada’s leading members of the CBRNE/nuclear emergency response 
community participated in the outdoor live exercises, with both traditional tried-and-true 
detection systems as well as new technology (e.g., RadEye Dataloggers, Truckborne 
monitors).  The inter-organizational cooperation and experience is expected to help define the 
shape of future CBRNE/nuclear emergency response collaborations, and refine operational 
protocols.  

This result exceeded expectation, with initially unexpected participation by many 
groups, and the development of new tools and techniques. A more detailed 
discussion can be found in section 3.4. 

4. “Leave-behinds” i) The protocols, radiological safety management plan and S3-FAST 
detection system for the Counter Terrorism Technology Centre (CTTC) allowing for future 
RDD explosion testing/exercising.  ii) A Centre of Excellence (COE) created at DRDC 
Ottawa providing RDD modelling and risk assessment capability. 

The protocols are all recorded and ready to be modified for future trials [5-7,9].  The 
equipment (S3-FAST software and 10 data-logging devices with the remote server, 
several hundred detector field enclosures and witness plates) has been left with 
DRDC Ottawa rather than DRDC Suffield.  
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The idea of a modelling COE at DRDC Ottawa was dropped due to shifting DRDC 
priorities and loss of personnel. This is partially achieved through a wide reach-back 
capability rather than a single "center".   

3.2 Experimental results 

There was a large amount of experimental data collected over the course of this project, both 
during the preparations for the trials (e.g. tests with inert materials, instrument characterization) 
and during the field trials in spring and fall of 2012.  Analyses of the field data are still in their in 
preliminary stages, and will likely take years to complete. What follows is a brief description of 
the collected data and preliminary results with references to more detailed work. 

3.2.1 Results from experiments prior to the field trials 

In the lead up to the RDD field trials, there were a number of experiments performed to 
characterize the device used in the field trials, to determine the expected “source-term” for the 
outdoor dispersions.  These experiments included the following:  

Indoor dispersion experiments using inert material at Sandia National Laboratories (SNL) to 
determine the initial particle size distribution of the lanthanum  

Small-scale enclosed explosive dispersal experiments using inert material at Royal Military 
College (RMC) to determine parameters (e.g. dirt entrainment, water content in the fireball) 
that may modify the initial particle size distribution 

Semi-enclosed explosions using inert material at DRDC Valcartier to determine the 
dynamics of the detonation wave and the fireball temperature in the explosive device  

Outdoor explosive dispersals using inert material at DRDC Suffield to determine the fireball 
dimensions, ground interactions and general behavior.  These tests also served as dry-runs 
for assembly and detonation of the device used in the field trials 

The SNL indoor tests provided particle size distributions for the dispersed lanthanum oxide.  An 
overview of how the tests were performed and the detailed particle size distribution results will be 
published elsewhere.  In essence the tests showed that the lanthanum oxide mass was relatively 
evenly distributed across a range of particle sizes.  Roughly a third of the dispersed mass was in 
the “respirable” range (<10 m), one third in the “intermediate” size range (10 - 100 m) and one 
third in the “ballistic” size range (>100 m).   

RMC completed a series of experiments dispersing lanthanum oxide powder in a small enclosed 
vessel (calorimeter).  They studied the heat released in these explosions, varying the 
oxygen/nitrogen ratios in the vessel and adding a variety of soils to the vessel.  They looked at 
changes to the resulting particle size distribution under these varied conditions.  Significant 
modifications to the particle size distribution were observed as the fireball dynamics were altered.  
These results were published in Dr. Luke Lebel’s Ph.D. thesis [10]. 

Tests at DRDC Valcartier in their semi-enclosed detonics bay used high-speed photography, flash 
x-ray cameras and custom fibre-optic temperature probes to determine the dynamics of the 
detonation wave in the test device as well as the dynamics of the resulting fireball.  The results of 
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Table 1: A summary of the planned acceptable and actual observed shot parameters and 
meteorological conditions for the three trials 

Ideal Acceptable 
Actual:
Shot #1 

Actual:
Shot #2 

Actual:
Shot #3 

Date -- -- 6 June 2012 12 June 2012 26 Sept. 2012 

Time -- -- 0928 MDT 0938 MDT 1128 MDT 

Activity  
(at shot time) 37 GBq 17 GBq 31.3 GBq ± 10% 36.3 GBq ± 10% 35.2 GBq ± 10% 

Wind Speed 3 - 5 m/s 2 - 7 m/s 6.9 ± 1.2 m/s 4.3 ± 0.8 m/s 2.9 ± 0.4 m/s 

Wind
Direction 220  - 260  180  - 300 218º ± 6º 260º ± 11º 282º ± 14º 

Cloud Cover N/A N/A Overcast Sunny Overcast 

Ground 
Condition Dry Moist Dry Dry Moist 

Precipitation
Forecast

None 
for 72h 

None 
for 12h 

None for  
> 36 hrs 

None for  
> 24 hrs 

None for 
 > 24 hrs 

Temperature 5 – 20 C -5 – 30 C 13.4 C 18.4 C 10.5 C

Stability 
Class Any Any D:  

Neutral 
B: Moderately 

Unstable 
C: Slightly 
Unstable 

Inversion 
Layer Height Any Any 1350 – 1900 m 250 – 520 m TBD

3.2.2.2 Data collection overview 

An overview of the instrument suite used in the RDD Field trials was given in section 2.2.3.  
These instruments were designed to measure the plume passage, ground deposition and 
meteorological conditions for the trials.  In reality, each trial had slightly different instrumentation 
for a variety of reasons including equipment additions and adjustments, partner availability, 
equipment reliability and shot conditions.  A summary of which data were collected for each shot 
is shown in Table 2.  The rest of this section gives a brief overview of the data collection systems 
and how they were used.   
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Table 2: A summary of the data collected for the three trials.  An X indicates that data were 
collected using the indicated system.  Notes indicate where there are differences in the data sets 
from shot to shot, or more than one type of data was collected in each category.  Details of the 

measurements are given in sections 3.2.2.3 through 3.2.2.11. 

Shot #1 Shot #2 Shot #3

LIDAR X X -

Weather Station Base Camp Base Camp/Fence Base Camp/Fence 

3DWind Speed 2m, 4.5m, 12m 2m, 4.5m, 12m 2m, 4.5m, 10m 

Radiosonde Before/After Before/After Before/After 

Air Sampling Near/Far Near -

RS 250 Network –
NaI X X X

RadEye Array X X X

Shielded RadEyes X X -

Airborne – RS 700 40 m 40 m 15 m 

Vehicle borne
Survey Directional Non-directional Directional 

MATS – Mobile
Microspec X X X

In situ Gamma HPGe HPGe NaI 

Beta Deposition –
AB 100s X X X

Beta Deposition –
SVG2 - - X

Deposition – Filters
+ Gamma Analyst X X -

Deposition – Filters
+ Imaging X X -

Videography High/Normal Speed High/Normal Speed High/Normal Speed 

3.2.2.3 LIDAR 
DRDC Valcartier deployed the LIDAR Cloud Mapper to measure the plume density downwind 
from the dispersion.  The LIDAR system uses a pulsed laser and detector system to map out the 
density of aerosol in the plume by measuring laser light backscattered by the aerosol particles.  
Details of the LIDAR system, methodology and analysis of the measurements taken are available 
in a DRDC Valcartier report [11] and were also presented at the US/UK/Canada Conference on 
Full-Scale RDD Field Trials (see section C.2 number 17).  The LIDAR system is shown in Figure 



14 

4.  A 
LIDA

Figu
dens
100
clea

series of cros
AR system is s

ure 5: Time sli
ity as a functi
m downwind)
arly visible. N

ss-sectional tr
sensitive to al

Figur

ices (sweeps)
ion of time at
).  Sweeps we
Not shown are

aces for the p
ll aerosols in 

re 4: Valcarti

 from the LID
t a specific dis
ere taken 1.7 s
e background

plume generat
the plume, no

ier's LIDAR C

DAR Cloud M
stance downw
seconds apar
d-only sweeps

ted in shot #2
ot just the rad

Cloud Mapper

Mapper for sho
wind of the re
rt.  Details of 
s prior-to and

DRDC Ottaw

2 is shown in 
dioactive com

r.

ot 2.  This sho
elease point (a
the shape of t

d after the plu

wa TR 2013-05

Figure 5.  Th
mponent.

ows the plume
approximately
the plume are

ume passage.

56

he

e
y
e



DRDC

3.2.2

Weath
(CJIR
radios
groun
anemo
station
weath
groun
based
in Fig

Fig
Ra

ane

3.2.2

The U
provid
Labor
Perso
air sam

RSL u
the du
(appro
filters
the se
sampl

C Ottawa TR 2

.4 Meteo

her data were
RU) collected 
sonde for sho
nd zero befor
ometers at th
n placed betw

her station dat
nd zero.   Tab
d on 5 minute 
gure 6. 

gure 6: Meteo
adiosonde use
emometers use

.5 Air sa

US Departm
ded air samp
ratory (RSL)
nnel from the
mpling for th

used Staplex 
uration of th
oximately on
s.  These sam
econd.  Most 
les were take

013-056

orological D

e collected by
data using a 

ot 2 containe
re and after 
hree heights, 2
ween the bas
ta near some 
le 1 shows no
averages afte

orological ins
ed to collect v
ed to collect 3

collec

amples

ment of Ener
pling measure
) took multip
e Pacific Nor
e first dispers

high-volume 
he plume pass
ne cubic mete
mplers were p

measuremen
n at 10 m hei

Data

y a variety of p
weather statio

ed a Geiger-M
each shot.  D
20 m upwind
se camp and 
of their perim
ominal meteo
er each shot. 

truments used
vertical tempe
3D wind spee
ct general we

rgy (DOE) N
ements for th
ple high-volu
rthwest Natio
sion.  The air 

samplers to t
sage for thes
er of air per 
laced at 19 lo

nts were taken
ight to determ

partners.  The
on at base cam
Muller tube f
DRDC Ottaw
d of ground z
the decontam

meter monitor
orological con

 Some of the

d to collect da
erature and w
ed data near g
ather data ne

National Nuc
he first two d
ume air sam
onal Laborato
samplers use

take integrate
se dispersions
minute), with
ocations for t
n at breathing
mine the verti

e Canadian Jo
mp and radio
for gamma-ra
wa collected 
zero and addi
mination line
rs approximat
nditions for ea
e meteorologi

ata during the
wind data.  Ce
ground zero. R
ear base camp

clear Security
dispersions.

mples during 
ory (PNNL) p
ed can be seen

ed air concent
s.  The samp
h aerosols de
the first dispe
g height (1.5 
ical profile of

oint Incident 
osondes (the p
ay detection)
3D wind da
itional data f
.  Health Ca
tely 3-4 km d
ach of the thr
ical instrumen

e RDD Field 
entre: One of
Right: Met sta
p.

y Administra
The DOE Re
dispersions

provided ultr
n in Figure 7. 

tration measu
pling rate wa
eposited on fo
ersion, and 1
m), but for b

f the plume.  

1

Response Un
post-detonatio
) released nea
ata using son
from a weathe
anada collecte
ownwind from

ree dispersion
nts can be see

Trials. Left: 
f three sonic 
ation used to 

ation (NNSA
emote Sensin
one and tw

ra-high volum

urements acros
as 35-40 CFM
four-inch pape
2 locations fo
both tests, tw
Additional a

15

nit
on
ar
ic
er
ed
m

ns,
en

A)
ng
o.

me

ss
M
er
or

wo
air



16 

sampl
prelim

PNNL
from 
the fi
aeroso
disper
Vegas

F
(gaso

3.2.2

The R
locati
system
in the
Fukus
and w
locati
the pa
Vegas

les were tak
minary results

L used gasoli
GZ) integrate
irst dispersion
ols deposited 
rsion, all at 6
s (see section

Figure 7: Air 
oline version)

Right:

.6 RS-25

RS-250 netw
ons and set u
m for emergen
e past during
shima reactor

were used for 
ons of these 
assage of the 
s (see section

en after the 
s were present

ne and electr
ed air concent
n.  The samp
on large pap

00 m from G
n C.2 number 

samplers and
. Centre: 10 m
RSL high vol

50 network 

work consists 
up quickly for
ncy response

g Vancouver 
r releases.  Th
monitoring b
detectors can
plume in sho

n C.2 numbers

dispersions 
ted in Las Ve

ric blowers as
tration measu
pling rates w

per filters.  Th
GZ.  Detector 

21).

d their deploy
m tower with 
lume air samp

of 3” × 3”
r sensitive are
, and deploye
2010, the G8
he detectors g

both plume pa
n be seen in F
t 2.  Detector
s 18, 25).  

to measure 
egas (see secti

s ultra-high-v
urements acro
were 875 (ele
hese sampler
details and p

yment. Left: P
RSL high vol
pler at breath

” NaI detecto
ea monitoring
ed them durin
8/G20 summ
give high-sen
assage and gr
Figure 8. Figu
r details and p

the resuspen
ion C.2 numb

volume sampl
oss the duratio
ectric) and 1
s were placed

preliminary re

PNNL ultra-hi
lume air samp
hing height (1

ors designed 
g.  Health Can
ng these trials.
mit and on th
nsitivity real-
round deposit
ure 9 shows 

preliminary re

DRDC Ottaw

nsion. Detect
ber 20).

lers to take fa
on of the plum
000 (gasolin
d at 6 locatio
esults were pr

igh volume ai
plers at the to
1.5m) on tripo

to be opera
nada designe
.  The system
e west coast 
time dose rat

tion.  The con
the dose rate

esults were pr

wa TR 2013-05

tor details an

ar-field (600 m
me passage fo

ne) CFM, wit
ons for the fir
resented in La

ir-sampler
op and bottom
od. 

ated in remo
ed and built th

m has been use
following th

te information
nfiguration an
e changes from
resented in La

56

nd

m
for
th
rst
as

m.

te
he
ed
he
n,

nd
m
as



DRDC

Fig
ga

Figur
time i

sou
de

Gr

C Ottawa TR 2

gure 8: RS-25
amma detecto

position of

re 9: RS-250 d
is shown for s
urce in the dev
etector and th
reenwich Mea

013-056

50 detectors a
ors. The blue p
of ground zero

data, showing
several detect
vice, pre-deto
he residual do
an Time (GMT

and their loca
pips denote t

o.  Right: One

g the plume e
tors at varying
onation, the sp
ose rate is fro

MT). The shot t

ations. Left: L
the location of
e of the RS-25

volution for s
g distances fr
pike is from th

om the ground
took place at 

Locations for 
of the detector
50 detectors d

shot 2.  Gamm
rom GZ.  The 
he cloud-shin
d deposition. 
9:38 Mounta

the RS-250 la
rs; the red ma
during set-up 

ma dose rate w
initial dose r

ne as the plum
The x-axis is 

ain Daylight T

1

arge volume 
arker is the 
week.    

with respect t
rate is from th
me passes the 

the time in 
Time (MDT) 

17

to
he



18 

3.2.2

An ar
the pl
in ord
was d
proba
prelim

Desig
Some

R

D
a

W

T

P
D

A
d
a

D

Fi
res

witn
Otta

.7 RadE

rray of 250 T
lume passage 
der to have a 
designed to m
able weather 
minary results

gning, assemb
e of the major 

RadEye PRDs

Design and fa
and store/tran

Weather resist

Testing of the

Preliminary a
DRDC Ottaw

Assembly, de
done by every
and,

Data collectio

igure 10: Rad
sistant enclos
ness plate for
awa personne

correspond

Eye PRD det

Thermo RadEy
and depositi
collimated v

maximize the 
conditions.  

s were present

bling and dep
contributions

s were provid

abrication of 
smit data to a

tant stands fo

e PRDs and da

array layout a
a, with a deta

eployment an
yone on site 

on and remote

dEye PRD det
ure.  Centre: 

r beta measur
el setting the d
ding to their a

tection arra

ye PRDs (Per
on.  A subset

vertical view 
chance of th
The PRD ar
ted in Las Ve

ploying this a
s were as foll

ded by CBSA 

a data-logger
a base station 

or the detector

ata-loggers w

and staking o
ailed survey o

nd disassembl
(primarily D

e monitoring a

tectors and st
PRD stand sh

rements), and 
detector array

angle in the ar

ay

rsonal Radiat
t (10) of thes
to better dete

he plume pas
rray can be s
egas (see secti

array was a la
ows:

(>200) and D

r to communi
was done by 

rs were design

was performed

of positions w
of locations la

ly of the uni
DRDC Ottawa

and controllin

tands.  Left: P
howing close
external batt
y.  Faceplates
rray, to help t

tion Detector
e detectors w
ermine plume
ssing over the
seen in Figur
ion C.2 numb

arge team eff

DRDC Ottaw

icate with the
ISR; 

ned and built

d by ISR, RM

was perform
ater performed

its (stands, d
a, CJIRU, IS

ng of the units

PRD and data
ed box, base p
tery for the da
es for the encl
the field team

DRDC Ottaw

s) was deploy
was shielded u
e passage tim
e most detect
re 10. Detect
bers 19, 24).  

fort, led by D

a (60); 

e PRDs throu

t by DRDC O

MC, and DRDC

med by DRDC
d by NRCan; 

data-loggers,
SR, AWE, HC

s were done b

a-logger insid
plate (which d
ata-logger.  R
losures were c

ms orient them

wa TR 2013-05

yed to monito
using sandbag

mes.  The arra
tors, given th
tor details an

DRDC Ottaw

ugh the IR po

Ottawa; 

C Ottawa; 

C Suffield an

RadEyes) wa
C and CBSA

by ISR. 

de weather-
doubled as a 
Right: DRDC 
colour coded 

mselves. 

56

or
gs
ay
he
nd

wa.  

ort 

nd

as
A); 



DRDC

3.2.2

NRCa
The a
the he
in Fig
disper
Surve
detail

Fi
moun

Th

Figur

C Ottawa TR 2

.8 Airbo

an provided a
airborne syste
elicopter with
gure 11.  Figu
rsion.  The he
eys were perf
s and prelimi

igure 11: The
nted in a bask
e system logs

re 12: Airbor

013-056

orne survey

airborne gamm
em consists o
h two addition
ure 12 shows
elicopter flew
formed as soo
nary results w

e airborne det
ket external to
s dose rate, sp

ne dose rate m

y

ma dose rate
f two 4 litre N

nal crystals in
s the dose rate

w at 40 m altit
on as possible
were presente

tection system
o the helicopt
pectra and oth

map from me
can be seen

 mapping ov
NaI detectors
side the helic
e distribution
tude for shots
e, but no less
d in Las Vega

m.  The system
ter with two a
her informatio

asurements fo
n from the firs

ver the trial si
s mounted in
copter.  The d
n over the tria
s 1 and 2, and
s than 30 min
as (see sectio

m consists of t
additional cry
on such as GP

following shot
st shot. 

ite for all thre
n a basket on 
detection syste
al site follow
d at 15 m altit
n, after each s
on C.2 numbe

two 4 litre Na
ystals inside th

GPS location a

t 2. Residual c

1

ee dispersion
the exterior o

em can be see
ing the secon
tude for shot 
shot.  Detecto
rs 23, 27). 

aI detectors 
he helicopter

and altitude.

contaminatio

19

ns.
of
en
nd
3.
or

r.

n



20 

3.2.2

A nu
measu
Suffie
of a tr
detect
mapp
measu
RSL
prelim
numb

Figu

3.2.2

DRDC
depos
and d
for al
and a
Witne
Proce
plates
check
identi
probe
(from
measu

.9 Grou

umber of gro
urements.  M
eld.  NRCan 
ruck (see Figu
tor, mounted 
ed the depos
urements wer
used a port

minary results
bers 26, 23). 

re 13: Examp

.10 Beta 

C Ottawa w
sition, by mea
downwind.  A
l shots.  Each

an additional 
ess plate be
edures were pu
s, but also ba
k sources and
ify instrumen
e, witness plat

m shot 1) is 
urements wer

nd-based g

ound based g
Mobile, vehic
used a high-v
ure 13 for an 
on their MA

ition in the w
re also perform
table HPGe 
s from all of t

ple of data co
wer

measureme

was responsib
asuring beta c

A pre-position
h of the 250 
100 plates w

eta measurem
ut in place to
ackground m

d common in-
nts that were 
te and a beta t
shown in F

re presented in

gamma mea

gamma meas
cle-borne me
volume direct
example of t

ATS robot to
warm zone, o
med by both 
system for 

these measure

llected using 
re taken follo

ents

ble for coll
count rates on

ned array of 3
RadEye supp

were position
ments were 
 ensure that t

measurements 
-field plates t

malfunction
team collectin

Figure 15. D
n Las Vegas (

asurements

surements w
easurements w
tional gamma
the collected 
o map the pl
outside of the
NRCan and R
these in situ
ements were 

the NRCan tr
owing the first

ecting locali
n witness plat
50 witness pl
port stands in
ned near gro

taken using
the beta team 
in the same 

to allow for s
ing or contam
ng data in the

Detector detai
(see section C

were taken in
were taken b
a detection sy
data).  DRDC
lume directio
e fence line.  
RSL.  NRCan
u measureme
presented in 

ruckborne de
t dispersion.

ized measure
tes and other
lates was use
ncorporated a
ound zero an
g Thermo R
collected dat
area and me

subtraction o
minated.  Fig
e field.  An ex
ils and prelim
C.2, number 2

DRDC Ottaw

n addition to
by NRCan a
ystem mounte
C Suffield use
on.  Both of 

Fixed point 
n used a NaI d
ents. Detecto
Las Vegas (s

etection system

ements of t
r locations ne
ed to collect d
a witness plat
d between R

RadEye AB1
ta not only fro
easurements 
f gamma cro
gure 14 show
xample of the
minary resul

22).

wa TR 2013-05

o the airborn
and by DRD
ed on the bac
ed 3” × 3” Na
these system
in situ gamm
detector, whi
or details an
see section C

m.  These data

the lanthanum
ar ground zer
deposition da
te into its bas

RadEye stand
100 detector
om the witnes
from standar

oss-over and t
ws the AB10
e data collecte
lts from thes

56

ne
DC
ck
aI

ms
ma

le
nd
.2

a

m
ro

ata
se

ds.
rs.  
ss
rd
to
00
ed
se



DRDC

Fig
E

repr

C Ottawa TR 2

gure 14: Beta
Each probe w
roducible pla

013-056

probes and w
was fitted with
acement and s

Figure 15: 

witness plates
 a jig that sits

standoff. Righ

Preliminary 

. Left: The Th
s in alignmen

ht: One of the 

beta depositio

hermo AB100
nt holes on the

beta teams c

on data from 

0 probe and w
e witness plat
collecting data

shot 1. 

2

witness plate. 
te to allow 
a in the field. 

21



22 

DRDC
plume
as it h
SVG-
efficie
shows
mapp
locali

Figu
the b

fla

3.2.2

In ad
worth
filters
passiv
action
Radia
image
Figure
measu
from t

C Ottawa per
e using a diff
has excellent b
-2 was compa
ency, and the
s the mapped
ing is only p
zed threat at g

ure 16: Beta c
blue square r
agged locatio

.11 Addit

dition to the 
h noting here. 
s at a number 
vely collected
n (not with a
ation Protectio
ed using auto
e 17.  Additi
urements of s
the high spee

rformed addi
ferent instrum
beta/gamma d
ared to the AB
en was used 
d pattern of th
possible usin
ground zero f

contour plot a
represents the
ns from the p

tional meas

above ment
 Health Cana
of locations 

d the disperse
air samplers).
on Bureau in

oradiography. 
ional informa
till frames fro

ed video from 

itional measu
ment followin
discrimination
B-100 at witn
to map the h

he highly con
ng beta meas
following an R

around groun
e metal base p
photos, which 

surements

tioned measu
ada placed lar
downwind (c
d radioactive
  The deposi

n Ottawa to b
 Examples o

ation about th
om high speed
shot 1 are sh

urements at g
g dispersion 
n and works b

ness plate loca
highly contam
ntaminated ar
surements, an
RDD Event. 

nd zero for sh
plate seen in t
demark the e

rements, ther
rge (approxim
co-located wit
e particles as t
ition filters w
be counted o
of autoradiog
he fireball dy
d and regular

hown in Figur

ground zero a
3. The Bruke
better in high
ations to obta

minated area 
rea at ground 
nd provides 

ot 3.  The blu
the photos.  T
edge of the hig

re are a few 
mately one sq
th their RS-2
they deposite
were package
n a high sen

graphy images
ynamics and c
r speed videos
re 18. 

DRDC Ottaw

and along the
er SVG-2 wa

hly contamina
ain as estimat
at ground ze

d zero. This ty
invaluable in

ue star marks 
The blue dots 
ghly contamin

other collec
quare meter ar
250 detectors)
ed through gra
ed and shippe
nsitivity HPG
s from shot 1
cloud rise we
s of each of th

wa TR 2013-05

e width of th
as used for th
ated areas.  Th
te of its overa
ero.  Figure 1
ype of detaile
nsight into th

ground zero,
represent the
nated area. 

cted data type
rea) depositio
).  These filte
avity and win
ed back to th

Ge detector an
1 are shown i
ere taken from
he shots.  Stil

56

he
his 
he
all
16
ed
he

e

es
on
rs

nd
he
nd
in
m
lls



DRDC

Figur
on th
cor

Figu
sho

C Ottawa TR 2

re 17: Autora
he image repr

rresponding to
filter,

ure 18: Still f
ws the fireba

pa

013-056

adiography im
resents a radi
o the total act
activities fro

frames from h
ll at approxim

articles in the

mages of pass
ioactive parti
tivity on the fi
m HPGe mea

high speed vid
mately its max
 stem at the to

ive deposition
icle deposited
filter.  Green d
asurements ar

deo before and
ximum size, b
op of the fireb

n filters colle
d on the filter,
dots had no m
re given for th

d after shot 1
but before it h
ball are starti

ected after sho
, with the colo

measurable ac
he other filter

1. The post-de
as quenched.
ing to cool.  

2

ot 1.  Each do
our of the dot
ctivity on the 
rs. 

etonation still
 Hot aerosol 

23

ot
t

l



24 

3.3

The b
(and l
involv
valida
found

A
d
r

C
v
c
f

The tw
conse
one ti
of CF
comb
develo

Fig
porte

The c
atmos
been s

Addit
with s

Model

bulk of the mo
later under s
ved stitching 
ating that the 
d to build on w

AUTODYN i
duration).  It i
released and t

CFX is a Co
variety of sit
compressive g
fireball.

wo have bee
erved between
ime/size regim
FX.  This w
ination of m
oped and emp

gure 19: Outp
d to CFX.  Ex

combined out
spheric disper
shared with o

tional modell
similar to fun

lling resu

odelling effor
ubcontract fr
together relev
carried-over 

were AUTOD

is an explicit 
is ideally suit
the initial mom

omputational 
tuations.  In 
gasses to cap

n successfull
n the two sets
me to the next
was not easil
meshed (for f
ployed [12].  

ut of AUTOD
xtensive modif

tput of AUTO
rsion codes.  

our internation

ing work wa
nctionality to A

ults

rt undertaken 
rom Internatio
vant codes th
results were 

DYN and CFX

dynamics co
ted for the sim
mentum trans

Fluid Dynam
this case, w

pture the shoc

ly merged in 
s of code (i.e
t.)  Figure 19
ly done, as t
functionality)

DYN becomes 
ifications need

input/outpu

ODYN and C
The results f

nal partners. 

as performed 
AUTODYN.

by the DRDC
onal Safety R

hat operated o
physically co

X.

ode which sp
mulation of th
sferred to the 

mics software
we are using 
ck waves and

that energy a
e. no critical i
9 shows the ou
the mesh siz
 and mesh-l

the input for 
ded to be mad

ut files used by

CFX can, in 
from the com

by AWE usi
 This modeli

C Ottawa Syn
Research to t

on different di
orrect (see se

pecializes in h
he explosive b
surrounding m

e intended to
it to perform

d material mi

and momentu
information i
utput of AUT
ze was diffe
ess (for prec

CFX. Model
de to the code

by each. 

turn, be com
mbination of A

ing an in-hou
ing effort resu

DRDC Ottaw

nthetic Enviro
the SimuTech
istance and ti
ection 2.3). T

high speed ev
blasts to capt
material.   

o simulate fl
m the transie
ixing in the p

um have been
is lost when w

TODYN beco
erent for each
cision) schem

2 is in a form
es themselves

mbined with a
AUTODYN a

use explicit d
ulted in an eq

wa TR 2013-05

onments Grou
h Group, Inc
ime scales, an
The best code

vents (< 10-4

ture the energ

luid flow in 
ent analysis o
post-detonatio

n shown to b
we move from

oming the inpu
h program. 

mes had to b

m that can be 
s as well as th

any number o
and CFX hav

dynamics cod
quation of sta

56

up
c.)
nd
es

s
gy

a
of
on

be
m
ut
A
be

he

of
ve

de
ate



DRDC Ottawa TR 2013-056 25

for the lanthanum oxide material dispersed in the trials and used it to examine the early dynamics 
of the explosive detonation, and its effect on the particle dynamics.  The AWE modelling results 
are currently being compared to the flash x-ray images taken at DRDC Valcartier during the 
detonation of the actual device.  The results of those studies were presented at the US/UK/Canada 
Conference in a classified briefing. Detailed final results will be published in classified AWE and 
DRDC Valcartier reports. 

3.4 New capabilities, partnerships and networks 

As a direct result of this project, Canada and its allies have a better understanding of RDD events, 
and better tools to predict consequences and plan for response. In addition, a number of new 
capabilities and partnerships were developed as the project team encountered and overcame the 
many challenges associated with planning and executing the trials, and processing the resulting 
data to create a common and consistent data set for each event. These will be briefly reviewed in 
the following sections.

3.4.1 Capabilities 

The RDD field trials represent the sole occasions upon which Canadian federal field teams have 
deployed into a large-scale, contaminated, outdoor environment to characterize unknown 
deposition patterns. Canada’s field capabilities for nuclear emergency response have, therefore, 
been enhanced enormously by this experience.  

3.4.1.1 Response planning and hazard assessment 

The project has achieved its stated objective of contributing to improvements in modelling tools 
for RDDs, thereby improving capabilities to make realistic predictions about potential hazards 
and plan and execute an appropriate emergency response. The data generated through the 
experimental trials will inform model development and interpretation in Canada and abroad, 
including atmospheric transport models that support Canadian nuclear emergency preparedness 
and radiological consequence management under the Federal Nuclear Emergency Plan (FNEP). 

3.4.1.2 Joint response capabilities and hot zone operations 

The trials provided unprecedented opportunities for Canada’s federal radiological response 
community to carry out real work in a large-scale, contaminated outdoor environment, similar to 
what they would expect following an unplanned radiological dispersal event. Despite extensive 
planning and preparation going into the spring trial, there were a lot of uncertainties and 
unknowns. Protocols had been drafted for the Experimental Plan but, for the most part, had never 
been used in the field and/or with dispersed radioactive material.  

At least 35 personnel representing all 6 organizations from the Federal Radiological Assessment 
Team rotated through the hot zone over the course of the two trials, along with field specialists 
from the Canadian Joint Incident Response Unit (CJIRU). Over the course of the two trials, the 
assembled personnel learned about each other’s capabilities and improved upon their own. 
Comfort levels between former strangers increased as people demonstrated their skills and 
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improved them through feedback. Improvements in data collection techniques, decontamination 
and access control protocols, and health & safety strategies were significant. Federal readiness for 
technical field response under FNEP or in support of the National CBRNE Team is likely at an 
all-time high as a result of the RDD trials last year. 

3.4.1.3 Data analysis and amalgamation 

Table 2 identifies 14 different categories of radiation data measurements that were collected for 
this trial, representing different instruments at different distances from the source, with different 
sampling frequencies and reported in different units. While most of this equipment is part of 
Canada’s federal inventory that would be deployed during a nuclear emergency, only limited 
consideration has been given to how measurements would be compared to identify anomalies and 
generate a common and consistent picture of contamination in an area.  

The requirement to produce a high quality data set for model validation has highlighted this issue 
for the project team. Novel methods for unfolding aerial survey data to increase the precision of 
ground-level concentration plots are in development at NRCan and will facilitate inter-
comparisons between deposition data sets. Better understanding of how different data sets 
compare is an important first step in closing this capability gap.   

3.4.1.4 Other capabilities 

A number of other capabilities were developed during the trial. These include 

New techniques for measuring temperature within the explosive fireball; 

Equipment and procedures to improve the “fine motor skills” of the robot used to load the 
radioactive source in the explosive device; 

Equipment and procedures to collect beta data without contaminating the instrument; 

Guidance for conducting future explosive radiological dispersals for experiments, training, 
and equipment testing. This will be a leave-behind for the CTTC and other organizations 
wanting to carry out similar experiments, and is also mentioned in Section 4, Transition to 
End Users. 

3.4.2 Partnerships and networks 

The project team grew from 9 organizations in the original project charter to 16 in the field in 
Suffield, all of whom were put to work and many of whom travelled at their own expense. The 
project benefitted enormously from interdepartmental and international cooperation which, in 
turn, has resulted in significant improvements in the readiness and cohesion of radiological and 
explosives assets and expertise in Canada and the US. 

3.4.2.1 Foreign investment 

In-kind contributions from US DOE and UK (AWE) partners were critical to the success of this 
project. In addition to access to data and subject matter expertise that was initially forecast in the 
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project plan, these organizations went above and beyond by generously providing practical 
support prior to, during, and after the trials. Ongoing collaboration is planned to refine the data set 
and publish the results. 

Specific examples of US and UK contributions include the following: 

Collaboration on explosive device design (SNL and Valcartier) 

Participation in international RDD workshops hosted at Sandia National Laboratories 

Indoor explosives trials to characterize post-blast particle size distribution (SNL, who 
stepped up when DRDC Valcartier unexpectedly lost access to their facility) 

Modelling expertise, especially following the loss of DRDC Ottawa modelling resources 
(AWE) 

Advice, equipment, and personnel for planning and executing the trial (RSL attended the Dry 
Run in May 2011; RSL and PNNL conducted air sampling at the Spring Trials; and AWE 
sent people to observe and help out at both the spring and fall trials). All international 
participants bore all of their own costs. 

Support to post-trial data analysis and sharing through meetings (RSL hosted a week-long 
workshop in February 2013) and commitment to joint publications 

3.4.2.2 Canadian investment 

Project partners have all contributed significant time, resources, and expertise to this project. 
Most will continue to work with the data and publish well after the official project end date. 

The project was able to leverage previous investments (CRTI and otherwise) in equipment and 
specialized facilities through project partners. This helped control project costs while 
simultaneously improving interoperability and awareness of partners’ capabilities.  

When project partners did not have all of the required capabilities, the team was able to recruit 
expert support from other federal radiological response organizations, including AECL, CJIRU, 
and DRDC CSS. For the most part, these organizations covered their own costs, which have been 
included as in-kind contributions.   

Canadian in-kind contributions in the following areas were particularly valuable: 

Contamination control and the decontamination line: leadership, expertise, personnel, and 
supplies  (CJIRU sent two decontamination specialists to the first trial and one to the second; 
AECL sent several to both trials and provided instruments and PPE for the second) 

Meteorological support: on-site data collection and supplies (CJIRU); local weather forecasts 
(EC CMC) 

Detectors for the datalogger array: access to more than 200 RadEye PRDs for the duration of 
the trials (CBSA) 

Site set-up, infrastructure, and logistical support: years of experience in military logistics and 
conducting field trials were brought to bear to erect the temporary facilities and instrument 
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array that became the Dugway Site, and to meet the myriad demands of the trial teams 
(DRDC Suffield).    

3.5 Lessons learned 

One of the smartest actions of the project team was to surround themselves with experts in the 
various domains required to deliver this project, particularly when organizing the field trials. 
While the same approach was initially adopted for the modelling stream, these experts were lost 
and not replaced, and those aspects of the project never fully recovered. 

Issues were encountered almost daily and the project team was routinely forced to adapt to 
unexpected circumstances and requirements. Regular communication, including bi-weekly 
teleconferences with project partners, helped to keep the project on target and moving forward. 
Several other lessons learned have already been mentioned in this report; others will be 
implemented through improvements to protocols and operating procedures, as well as through 
publications and presentations at internal and open meetings, conferences and journals.

A number of practical and safety-related lessons learned were identified during the course of the 
conduct of the field trials.  These are not reproduced in this document, but can be found in the 
Field Trial after Action Report [7]. 
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4 Transition and exploitation 

This project represents a significant investment from all the partners and participants who 
provided time, expertise and effort and from DRDC Centre for Security Science, who provided 
the funding.  The project was extremely successful in that it was able to generate a wealth of 
unique real-world data on the dispersal of radioactive material from an RDD; however, real 
success in this context cannot come from mere data generation.  True success must include a 
reduction in the risks involved with RDDs, making Canada and our allies better able to prevent or 
respond to an RDD attack.  In order to do this, the data must be transitioned to the RN risk 
modeling and emergency response communities to allow them to improve effects models, 
response procedures, detection equipment and expertise amongst responders. 

4.1 Transition to end users:  

The main leave-behind at the completion of this project is the wealth of data that were collected 
during the three dispersion field trials (described in section 3.2.2).  There are additional 
experimental data that were generated prior to the field trials (see section 3.2.1) that set the 
context for interpreting the field trial results. Additionally, the knowledge of how to safely 
conduct trials of this nature is extremely valuable for any potential future studies of this kind. 
This project does not have the scope and funding to take in all data analysis activities, and so it is 
expected that these data will be used by dispersion modellers and other researchers for model 
validation and other studies for years to come.  This section describes the project team’s approach 
to ensure that this transition occurs. 

4.1.1 Database development  

To facilitate data sharing and potential future studies with these data, Health Canada has put in a 
great deal of effort to transition all collected data from the trials (and the lead-up to the trials) into 
a properly structured and annotated database.  This database, along with individually cleaned and 
vetted data files, will allow the data to be shared with end-users in a self-explanatory way.  This 
database has been structured in such a way that the majority of it can be easily ported into the US 
RAMS database system that is used operationally for radiological emergency response.  The 
details of the structure of the database were briefed at the US/UK/Canada Conference on RDD 
Field Trials (see section C.2 number 28) and will be published as a Health Canada report.   

4.1.2 Publishing strategy 

Publishing studies in the open literature is the best way to ensure that the results of experimental 
work are shared to a wide audience and recorded for future reference.  This project plans to 
publish most of its results in the open literature.  Where there is sensitive, controlled or classified 
information, internal DRDC or other project partner reports will be utilized with the appropriate 
markings and controls in place.  An example of classified information in this project is in the 
details of the design of the explosive device used to disperse the radioactive material.  This 
information has been classified as SECRET and will be published at that level by DRDC 
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Valcartier and UK AWE.  All published information will be vetted for controlled goods and 
classification. 

Open literature publications will be prepared for a number of different journals, depending on the 
exact topic of the paper.  Of particular note, the Health Physics Society (HPS) have agreed to hold 
a special session at the 2014 HPS Annual General Meeting to highlight the results of this project.  
Following the HPS Meeting, a special edition of the Journal of the Health Physics Society will be 
published featuring papers from this project and potentially from other similar trials.   

Other relevant conferences and journals include: 

IEEE Nuclear Science Symposium,  

Nuclear Instruments and Methods, 

Journal of Environmental Radioactivity, 

Journal of Applied Radiation Isotopes. 

4.1.3 Engaging the modelling community 

The main end-users for our dataset are the modelling community who specialize in atmospheric 
dispersion modelling, including urban dispersion codes. A number of these communities have 
already been engaged in the project as partners (Environment Canada, Health Canada, UK AWE, 
ISR).  Others are starting to be brought in through presentations at working meetings and 
international workshops on RDD Characterization and through community development 
initiatives within the Canadian Federal RN Community.  Some examples of this include the 
following: 

The US National Atmospheric Release Advisory Centre attended the UK/US/Canada 
Conference on RDD Field Trials.  They presented preliminary modelling results from their 
high fidelity dispersion models, and are refining their models based on field trial data.  They 
develop and maintain a number of both simple and sophisticated dispersion codes used 
extensively in the US and worldwide. 

Atomic Energy of Canada Limited is leading a CSS community development study to 
compare RDD dispersion codes among the various Canadian federal departments who have 
that capability.  This includes a code being adapted for RDD modelling at AECL and 
operational codes used at Environment Canada’s Canadian Meteorological Centre and at 
Health Canada’s Radiation Protection Bureau.  Data from this project will be used for model 
validation and cross-comparison. 

Details of the project, including results of the field trials, will be briefed at the upcoming 
2013 RDD Workshop.  This workshop is being hosted by Sandia National Laboratories in 
Albuquerque NM in October 2013. Participants at this workshop include most of the experts 
in RDD characterization, risk assessment and modelling from the US, UK, Canada and 
Australia and is held at the SECRET level.   This meeting is key to engaging the experts in 
this field, and ensuring that our data are utilized within this community. 
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4.1.4 Lessons for emergency planners and responders 

Beyond the dispersion modelling communities and RDD subject matter experts, there are other 
communities that are end users for these data.  These include emergency planners who rely on 
validated risk assessments to develop response plans and emergency responders who rely on the 
scientific and modelling community to provide sound advice for development of their response 
procedures.

Many of the partners on this project are intimately involved in the Canadian federal government 
emergency planning process and would be called upon to respond in the event of an RDD attack 
in Canada.  This has some key benefits for emergency planners and responders in Canada: 

All of the federal departments involved have input into the CSS Consolidated Risk 
Assessment process.  The results of these trials will inform that process greatly in future 
years. 

Health Canada is in charge of the Federal Nuclear Emergency Plan (FNEP) which also 
draws expertise from many of the project partners in the event of a radiological emergency.  
The experience on this project will help HC refine the plans in FNEP and provide better 
informed responders if the plan needs to be activated. 

DRDC Ottawa developed the Probabilistic Risk Assessment Tool (PRA Tool) for RDDs.  
These trials will help validate the inputs to this software tool. 

Lessons learned from these trials have already been incorporated into the “Advanced RN 
Response Course” which DRDC Ottawa and DND’s Director of Nuclear Safety provide to 
CJIRU on an annual basis.  This course is also attended by members of the RCMP, ensuring 
that the National CBRN Response Team is trained with the latest scientific knowledge on 
RDD risks and phenomena. 

4.1.5 Maintaining RDD field trial capabilities  

The collection of safety manuals, operational plans, regulatory documents, dose histories, 
detection/monitoring techniques, and all other field procedures from these trials form what is 
virtually a how-to manual for the conduct of similar field trials in the future.  This capability is 
currently unique in Canada and amongst our allies in the US, UK and Australia2.  Maintaining the 
ability to perform similar RDD field trials in the future opens up many possibilities for unique 
and valuable studies.  This could support activities such as detector development, trials of 
response protocols, operational testing of equipment in a realistic environment, training and many 
other potential uses.  To help maintain this capability, we are planning to write a summary 
document on conduct of the field trials, including lessons learned and all documentation prepared 
in advance of the trials.   

                                                      
2 Similar experiments have been performed recently in Israel, but on a smaller scale, using technicium-99m.   
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4.2 Follow-on commercial development 

As mentioned above, the main outcome of this project was the wealth of unique data that it 
generated regarding real-world RDD effects; however, there are two areas of note where 
intellectual property was developed that can be exploited commercially.  

ISR is continuing to support the Data-Loggers that were developed for this project.  They are 
continuing to invest R&D funds to improve the devices based on the lessons learned during 
their deployment in Suffield. 

SimuTech has incorporated the AUTODYN to CFX capability, allowing meshed and 
meshless transitions.  Without further funding, SimuTech will not be modifying their code 
further.

4.3 Intellectual property disposition 

The IP shall continue to follow the standard recorded in the Project Charter [13], reproduced 
below.

4.3.1 Background IP and new IP  

Each project participant shall retain all right, title, and interest in and to all inventions, 
improvements, or discoveries that were conceived or made 

prior to the commencement of the project solely by one or more employees of that 
participant (“Background IP”);  

during the performance of the project in collaboration with project partners, if such 
improvements/modifications were made to an existing proprietary system; 

during the performance of the project solely by one or more employees of that participant 
(“New IP”). 

4.3.2 Joint IP  
The parties whose employees have jointly conceived or made an invention, improvement or 
discovery during the performance of the project shall jointly own all right, title and interest in and 
to such inventions, improvements, or discoveries (“Joint IP”), except where such is applied to 
existing proprietary material. 

4.3.3 Grant of rights 

Each project participant grants the Crown a non-exclusive, royalty free right to use the 
Background IP, New IP and Joint IP for research related to the project for the duration of the 
project, but not for commercial, purposes.  This includes all project participants to the level of 
subcontractors.
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4.4 Public information recommendations 

Some of the information generated by this project is classified (explosive design), but the 
majority should be releasable to the public.  In section 4.1.2 the publication strategy is outlined 
for open literature publications.  Beyond scientific articles, it may be prudent to prepare a few 
popular science articles for relevant publications.  These could include internal newsletters such 
as DRDC’s Leo Online, DCBRND’s Dragon’s Din, The Maple Leaf, CBRNe World, etc.  Media 
response lines were prepared prior to the trials, and these could form the start of some of these 
articles.  Any article like this should emphasise emergency preparedness, collaboration among 
federal partners and how this research leaves Canada better able to respond to radiological 
emergencies. 
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5 Conclusions 

Project 07-0103RD “Full-Scale Radiological Dispersal Device Experiments and Models” was 
funded by the DRDC Centre for Security Science in order to better characterize the real-world 
effects of radiological dispersal devices and to allow Canada to be better prepared to respond to 
them.  This project, led by DRDC Ottawa, spanned five years and involved a total of 18 different 
organizations, 9 of which were official project partners.   

The project involved both an experimental stream and a modelling stream.  The modelling stream 
investigated how best to stitch together physics models relevant to the different time and distance 
scales involved in an RDD, with the ultimate goal being a seamless model that could predict RDD 
behaviour from start to finish.  The experimental stream involved a series of experiments with 
inert (non-radioactive) material that were designed to characterize the explosive dispersal device 
that was later used in full-scale outdoor dispersal experiments using 140La as a short-lived 
radioactive tracer.   

The modelling stream suffered a reduction in scope due to shifting priorities and loss of key 
personnel at DRDC Ottawa, but did result in a method for taking the output of an AUTODYNE 
hydrocode simulation and using that as an input to the computational fluid dynamics code CFX 
while conserving energy and momentum.  The outputs of the modelling stream have been 
transferred to international partners and to industry for exploitation, rather than forming the basis 
for a Centre of Excellence at DRDC Ottawa, as initially envisioned at the outset of the project. 

The experimental stream was successful beyond initial expectations. The source term and 
explosive device characteristics were measured in a series of preliminary experiments using inert 
material.  The culmination of the experimental stream was a series of three explosive dispersal 
experiments that were carried out in the spring and fall of 2012 on the DRDC Suffield 
Experimental Proving Grounds.  These trials resulted in an extensive dataset from a wide variety 
of instruments and detection systems.  These systems measured the real-time passage of the 
plume, the deposition on the ground, and the meteorological conditions of the trials in great 
detail.  The measurements collected form a unique set of data from an outdoor radioactive 
dispersal, spanning all distance and time scales of an RDD event from the explosive shock wave 
travelling through the material to the plume formation and evolution to deposition. Analyses of 
these data sets are expected to take months to years to complete. 

As a result of this project Canada and its allies have a better understanding of RDD events and 
enhanced capabilities in consequence prediction and response planning.  These enhanced 
capabilities include better modelling tools, procedures for working in large-scale contaminated 
environments, methods for joint response and tools for collecting and interpreting field data from 
a variety of operational detection systems.  Although the project has reached the end of its 
timeline according to the charter, work will continue. The focus in the coming months to years is 
to publish results as a mix of open literature and internal documents to ensure that end-users of 
these results are engaged and aware and to maintain our capability to perform similar field 
experimental work in the future. 
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TRL scale, more applicable to hardware.  In the project proposal two more concrete leave-
behinds were identified. 

B.2.1 Training 

The collection of safety manuals, operational plans, regulatory documents, dose histories, 
detection/monitoring techniques, and all other field procedures form what is virtually a how-to 
manual for the conduct of similar field trials in the future.  This capability is currently unique in 
Canada and amongst our allies in the US, UK and Australia.  Maintaining the ability to perform 
similar RDD field trials in the future opens up many possibilities for potentially valuable studies.  
To help maintain this, we will write a summary document on conduct of the field trials, including 
lessons learned and all documentation prepared in advance of the trials.  There are no plans at 
present to turn this into a training package, but the capability will be maintained to support future 
activities such as detector development, trials of response protocols, operational testing of 
equipment in a realistic environment, and many other potential uses including training, if that is 
required in the future.   

B.2.2 Centre of excellence 

The idea of a modelling COE at DRDC Ottawa was dropped due to shifting DRDC priorities and 
loss of personnel. This is partially achieved through a wide reach-back capability rather than a 
single "center".   

B.3 Schedule performance summary 

As expected for a five-year R&D project there were unexpected delays that occurred 
intermittently throughout the life of the project.  Table 3 compares the initial Project Schedule 
(from the first project Charter) with the final schedule of actual events.  A brief summary of the 
delays and their effects are listed below. 

B.3.1 Contracting issues 

Initial contracting delays through PWGSC for both a United States based software company 
(NECSI Inc.) and an Ottawa based company (ISR Inc) had lasting repercussions.  The contract 
with NECSI was never signed due to issues of IP and divergent international requirements.  As a 
direct result, the two initially planned modelling streams were combined.  A portion of the 
combined modelling was shifted to a sub-contractor of ISR (SimuTech Group Inc.), further 
delaying the contract with them.  The contracting delay with ISR was initially dealt with through 
the use of a standing offer between ISR and the Department of National Defence (DND).  This 
arrangement expired, but the PWGSC contract was in place by that time. 

B.3.2 Loss of licence and fire damage 

At DRDC Valcartier, there were delays in the renewal of an explosives licence.  The renewal 
process was lengthy and shifted several milestones to the right. Additionally, the loss of the 
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LIDAR van in a fire compounded delays in achieving the early results from Valcartier that were 
to inform several subsequent steps in the experimental process (explosive selection, device design 
and indoor aerosolization experiments).  Sandia National Labs in the US stepped up and assisted 
with device work until the facility at Valcartier was running. 

B.3.3 Loss of key personnel 

Following reorganization within DRDC Ottawa, the two scientists who were working on the 
modelling effort were lost.  After the loss of the first scientist, modelling work was shifted to a 
private company (SimuTech Group Inc.).  This work was handled through ISR, a full project 
partner, but one that is reimbursed through the PWGSC contract.  Amending the contract to 
include a large portion of the modelling work necessitated several more months of delay.  The 
loss of the second modelling scientist did not actually cause more delays, but rather lead to the 
transfer of modelling from project partners to participants external to the project.  Loss of these 
personnel contributed to the decision to drop the modelling COE from the project plan and the 
shift of modelling responsibilities to international partners. 

B.3.4 V2010 Olympic Games 

Experimental preparations had to be significantly reduced (and in some cases temporarily 
suspended) while project partners prepared for the 2010 Olympic Games.  This preparation 
included training security forces, deploying equipment, readying response plans and during the 
event itself, required the presence on site of a large number of project participants.   

B.3.5 Fukushima 

When a tsunami caused a breach of containment at several Japanese reactors, many of the project 
partners, as well as project equipment (RadEye PRDs from Health Canada) were diverted for a 
relief effort. Replacement PRDs were provided by CBSA, after they were added to the team as 
full project partners.  
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Table 3: Comparison of planned to actual schedule 

Task Milestone Event Planned Completion 
Date

Actual Completion 
Date

1 Project Approval-in-principle February 2008 February 2008 

2 Project Implementation Workshop March 2008 March 2008 

3 Project Charter and signatures completed May 2008 July 2008 

4 Project implementation begins June 2008 June 2008 

5 Project Kick-off Meeting June 2008 June 2008 

6 PWGSC contract completed November 2008 April 2009 

7 Auditing “footprint” for modelling established December 2008 February 2010 

8 Modelling components integrated May 2009 November 2010 

9
Initial indoor test data produced, and 
Initial model verification occurs 

August 2009 August 2010 

10 RN Management Plan submitted January 2010 January 2010 

11 
Initial outdoor test data produced, and
Plume model verification occurs 

March 2010 Summer 2010 

12 Prototype Modelling Tool-Kit Developed March 2010 July 2010 

13 Series of “Dry Runs” performed Summer 2010 May 2011 

14 RN Management Plan accepted August 2010 July 2011 

15 CRTI progress report given  January 2011 December 2010 

16 Initial Agent-Based Modelling code, – Phase I (detonation) 
completed October 2010 Repurposed1

17 Final indoor test data produced, and  
Modelling Tool-kit refinement performed March 2011 May 2012 

18 Agent-Based Modelling – Phase II  (break-up) completed May 2011 Repurposed1

19 Final outdoor inert test results obtained June 2011 July 2011 
20 Live experiments – Phase I – results obtained April 2011 June 2012 
21 Modelling Tool-Kit refined and validated September 2011 January 20122

22 Agent-Based Modelling – Phase III – finalized October 2011  
23 Live experiments – Phase II – results obtained October 2011 October 2012 
24 Modelling Tool-Kit refinements and validation Finalized August 2012 March 20132

25 Final refinement and validation of Agent-Based Modelling 
software performed August 2012 Repurposed1

26 Transition “leave-behinds’ to COE and CTTC August 2012 December 2012 
27 Project Close Out Report December 2012 April 2013 
28 Project Completed December 2012 April 2013 

29 Peer Review/CRTI Symposium Presentation/Success Story 
Publication June 2013 June 2013 

Note1: ABM was dropped from the project when international contract and IP issues made it impossible to hire the 
subject matter experts required.  The funds were redistributed to the other modelling steam, and to the creation of the 
data-loggers 
Note2: Model validation will be dependent on international partners, as per minutes from Nov 2011 PRC Meeting.  
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B.4 Cost performance summary 
Table 4 shows the initially planned budgets (Charter v1) by fiscal year, compared to later Project 
Charters and the actual spending for the project.   

Table 4: Planned vs. actual funds expended 

Partner Fiscal
Year

Charter v1
June 2008

Charter v2
July 2010

Charter v4
Oct 2011

Actual
Funds

Definition Funds 2008/09 $20,000 $20,000 $20,000 $20,000

DRDC Ottawa
(RAD group + FFSE)
(Lead Federal Dept.)

2008/09 $75,000 $66,822 $67,177 $67,177
2009/10 $187,668 $182,413 $206,046 $206,046
2010/11 $217,668 $316,229 $343,716 $343,716
2011/12 $177,667 $314,157 $225,000 $225,000
2012/13 $30,000 $294,696 $244,000 $125,460

Sub total for DRDC Ottawa $708,003 $1,194,318 $1,105,939 $987,399

ISR +
Subcontractors

2008/09 $90,897 $90,744 $90,744 $90,744
2009/10 $318,626 $308,253 $308,253 $308,253
2010/11 $384,069 $173,577 $173,577 $173,577
2011/12 $447,631 $307,430 $336,170 $336,170
2012/13 $164,020 $129,740 $297,000 $297,000

Sub total for ISR $1,405,243 $1,009,744 $1,205,744 $1,205,744

DRDC Valcartier

2008/09 $20,000 $12,298 $15,029 $15,029
2009/10 $94,483 $27,382 $28,454 $28,454
2010/11 $154,491 $224,323 $43,599 $43,599
2011/12 $176,080 $176,080 $110,000 $110,000
2012/13 $65,027 $65,027 $65,027 $36,981

Sub total for DRDC Valcartier $510,081 $505,110 $262,109 $234,063

DRDC Suffield

2008/09 $60,000 $19,776 $19,776 $19,776
2009/10 $77,621 $10,000 $10,000 $10,000
2010/11 $52,850 $108,000 $19,371 $19,371
2011/12 $79,082 $79,082 $150,000 $150,000
2012/13 $37,000 $37,000 $66,411 $64,201

Sub total for DRDC Suffield $306,553 $253,858 $265,558 $263,348

Health Canada

2008/09 $30,000 $253,858 $29,286 $29,286
2009/10 $180,000 $87,998 $87,998 $87,998
2010/11 $275,000 $285,000 $285,000 $285,000
2011/12 $80,000 $82,716 $60,000 $60,000
2012/13 $0 $80,000 $190,000 $175,677

Sub total for HC $565,000 $565,000 $652,284 $637,961
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The variances observed in the table can for the most part be related directly to the delays listed in 
the above section.  The one notable exception to this is the shifting of a large portion of the 
modelling funds to ISR in year four.  The determination had been made that, with the shifting of 
modelling to our international partners, funds could be efficaciously spent bolstering the data 
collection during the trials.  To this end, ISR was contracted to produce the data-logging devices 
that preserved and transmitted the dose rate data from the RadEye PRDs in the detector array to 
the base station. 

Partner Fiscal
Year

Charter v1
Jun 2008

Charter v2
July 2010

Charter v4
Oct 2011

Actual
Funds

NRCan

2008/09 $0 $0 $0 $0
2009/10 $130,000 $130,000 $130,000 $130,000
2010/11 $0 $0 $0 $0
2011/12 $55,500 $55,500 $3,000 $3,000
2012/13 $0 $0 $69,000 $69,000

Sub total for NRCan $185,500 $185,500 $202,000 $202,000

Environment
Canada

2008/09 $2,000 $0 $0 $0
2009/10 $2,000 $0 $0 $0
2010/11 $15,000 $15,000 $0 $0
2011/12 $15,000 $15,000 $1,200 $1,200
2012/13 $2,000 $2,000 $28,800 $28,800

Sub total for EC $36,000 $32,000 $30,000 $30,000

CBSA

2008/09
2009/10
2010/11
2011/12 $0 $0
2012/13 $27,685 $10,492

Sub total for CBSA $27,685 $10,492

RMC

2008/09 $65,310 $27,810 $56,960 $56,960
2009/10 $43,600 $51,950 $51,950 $51,950
2010/11 $45,200 $45,200 $34,380 $34,380
2011/12 $64,200 $64,200 $40,080 $40,080
2012/13 $48,000 $48,000 $48,000 $15,963

Sub total for RMC $266,310 $237,160 $231,370 $199,333

Total by Fiscal Year

2008/09 $363,207 $266,736 $298,972 $298,972
2009/10 $1,033,998 $797,997 $822,701 $822,701
2010/11 $1,144,277 $1,167,329 $899,643 $899,643
2011/12 $1,095,161 $1,094,165 $925,450 $925,450
2012/13 $346,047 $656,463 $1,035,923 $823,574

GRAND TOTAL $3,982,690 $3,982,690 $3,982,690 $3,770,340
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Table 5 shows a similar breakdown by year and partner for the in-kind expenditures.

Table 5: Planned vs. actual in-kind 

                                                      
3 $358,000 includes $308,100 from DRDC Ottawa, $40,000 from Sandia National Laboratories and 
$10,000 from US Department of Energy,  
4 $949,073 includes $416,905 from DRDC Ottawa, $170,000 from Sandia National Laboratories and the 
US Department of Energy, $106,368  from the UK Atomic Weapons Establishment, $102,000 from Atomic 
Energy of Canada Limited and $153,800 from the Canadian Joint Incident Response Unit 

Participant Fiscal
Year

Charter v1
In Kind

Charter v2
In Kind

Charter v4
In Kind

Actual
In Kind

DRDC Ottawa
(RAD group + FFSE)
(Lead Federal Dept.)

2008/09 $420,134 $387,108 $387,108 $387,108
2009/10 $321,619 $357,704 $357,704 $357,704
2010/11 $328,152 $387,180 $282,000 $282,000
2011/12 $341,292 $337,260 $358,100 $358,1003

2012/13 $276,667 $216,667 $637,393 $949,0734

Sub total for DRDC Ottawa $1,687,864 $1,685,919 $2,022,305 $2,333,985

ISR +
Subcontractors

2008/09 $46,000 $49,783 $49,783 $49,783
2009/10 $181,000 $89,250 $89,250 $89,250
2010/11 $142,000 $47,250 $52,319 $52,319
2011/12 $142,000 $47,250 $47,250 $47,250
2012/13 $48,000 $26,250 $26,250 $10,939

Sub total for ISR $559,000 $259,783 $264,852 $249,541

DRDC Valcartier

2008/09 $43,262 $34,931 $34,931 $34,931
2009/10 $138,344 $106,675 $106,675 $106,675
2010/11 $206,499 $236,499 $17,403 $17,403
2011/12 $252,978 $262,978 $59,756 $59,756
2012/13 $126,271 $126,271 $79,674 $62,713

Sub total for DRDC Valcartier $767,354 $767,354 $298,439 $281,478

DRDC Suffield

2008/09 $110,719 $10,822 $10,822 $10,822
2009/10 $144,354 $244,251 $4,293 $4,293
2010/11 $109,082 $109,082 $7,658 $7,658
2011/12 $332,725 $332,725 $145,521 $145,521
2012/13 $121,364 $121,364 $215,521 $210,113

Sub total for DRDC Suffield $818,244 $818,244 $383,815 $378,407

Health Canada

2008/09 $130,250 $130,250 $130,250 $130,250
2009/10 $131,250 $131,250 $131,250 $131,250
2010/11 $297,375 $297,375 $69,348 $69,348
2011/12 $44,125 $44,125 $110,125 $110,125
2012/13 $0 $0 $55,000 $298,476

Sub total for HC $603,000 $603,000 $495,973 $739,449
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Participant Fiscal
Year

Charter v1
In Kind

Charter v2
In Kind

Charter v4
In Kind

Actual
In Kind

NRCan

2008/09 $1,456 $1,456 $1,456 $1,456
2009/10 $31,234 $31,234 $31,234 $31,234
2010/11 $31,234 $31,234 $23,917 $23,917
2011/12 $61,011 $61,011 $31,011 $31,011
2012/13 $31,234 $31,234 $61,234 $98,000

Sub total for NRCan $156,169 $156,169 $148,852 $185,618

Environment
Canada

2008/09 $15,000 $5,701 $5,701 $5,701
2009/10 $15,000 $1,000 $1,000 $1,000
2010/11 $15,000 $17,000 $700 $700
2011/12 $15,000 $17,000 $2,000 $2,000
2012/13 $15,000 $15,000 $30,000 $15,000

Sub total for EC $75,000 $55,701 $30,000 $24,401

CBSA

2008/09
2009/10
2010/11 $500 $500
2011/12 $59,300 $59,300
2012/13 $100,000 $100,000

Sub total for CBSA $159,800 $159,800

RMC

2008/09 $51,400 $32,000 $32,000 $32,000
2009/10 $25,000 $34,400 $34,400 $34,400
2010/11 $25,000 $35,000 $36,050 $36,050
2011/12 $25,000 $25,000 $25,000 $25,000
2012/13 $25,000 $25,000 $25,000 $25,500

Sub total for RMC $151,400 $151,400 $152,450 $152,950

Total by Fiscal Year

2008/09 $818,221 $651,315 $652,051 $652,051
2009/10 $987,801 $996,500 $755,806 $755,806
2010/11 $1,174,342 $1,160,620 $489,895 $489,895
2011/12 $1,194,131 $1,127,349 $838,063 $838,063
2012/13 $643,536 $561,786 $1,230,072 $1,769,815

GRAND TOTAL $4,818,031 $4,497,570 $3,965,887 $4,505,630



46 

Ann

C.1

1. C
ae

2. C
G

3. C
fo
36

4. L
an
C

5. L
T

6. L
T

7. C
(D

8. C
xx

9. C
T

C.2

1. E
F

2. E
A
A

3. E
T

nex C

Scien

Cao, X., Andr
erosol puffs u

Cao, X., Roy
Gaussian Puff 

Cao, X., Roy, 
or Dust and S
6(4): 303-309

ebel, L.S., Br
nd Soils into

Chemical Prop

ebel, L.S. (2
hesis, Royal M

ebel, L.S., B
emperature In

Cao, X. (2013
DRDC Valcar

Cao, X. (2013)
xx) Defence R

Cao, X. (2013)
R 2013-0001

Signif

rhardt, L.S., 
orensics Wor

rhardt, L.S., 
AUS/CAN/UK
Albuquerque N

rhardt, L.S., 
echnology In

Publica

tific publ

rews, W.S. an
using artificia

, G., Hurley
Models.” Bou

G., Brousseau
oot from a H

9.   

rousseau, P., 
o Explosive 
pulsion, 10(4)

2012) “Aeros
Military Coll

Brousseau, P.,
nside an Expl

3) “Analysis 
rtier CR 2013

) “Analysis o
R&D Canada

) Report on R
) Defence R&

ficant pre

“Canadian R
rkshop.   Argo

“Canadian R
K/US Explos
NM.  Novemb

“RDD Haza
ntelligence Gr

tions, p

lications

nd Roy, G. (
l neural netw

y, W.J. and A
undary-layer

u, P., Erhardt
igh Explosive

Erhardt, ., a
Fireballs,” I

):351-364. 

solization an
ege, Kingston

, Erhardt, .,
losive Firebal

of Lidar m
3-xxx) Defenc

f Puffs Dispe
a – Valcartier.

RDD Lidar M
&D Canada –

esentatio

DD Characte
onne National

RDD Charac
ive RDD M
ber 2008. 

ard Modellin
roup (STIG) M

resentat

(2010). “Mod
orks.” Bound

Andrews, W
meteorology

t, L. and Andr
e Detonation.

and Andrews
International

nd Soil Entra
n, ON. Octob

, and Andrew
ll,” Journal of

easurement o
ce R&D Cana

ersion- July 20
.

Measurements 
Valcartier. 

ns

erization Expe
l Laboratories

cterization Ex
Modelling Wo

ng and Chara
Meeting.  Otta

tions an

deling the co
dary-layer Me

W.S. (2011) D
y, 139(3): 487

rews, W.S. (2
.” Propellants

s, W.S. (2011
l Journal of

ainment in E
ber 2012. 

ws, W.S. (20
of Applied Me

of plumes an
ada – Valcart

010 trials”, (D

at Suffield (D

eriments.”  C
s, Chicago IL

xperiments –
orkshop. San

acterization E
awa, ON.  Jun

DRDC Ottaw

nd paten

ncentration d
eteorology, 13

Dispersion C
7-500

2011) “A Clo
s, Explosives,

1) “Entrainme
f Energetic M

Explosive Fir

013) “Measur
echanics, (in p

nd puffs-Aug
ier.

DRDC Valca

DRDC Valca

Cooperative U
L.  July 2008. 

– Modelling 
ndia National

Experiments”
ne 2009. 

wa TR 2013-05

nts

distributions o
36(1): 83-103

oefficients fo

ud Rise Mod
, Pyrotechnic

ent of Powde
Materials an

reballs” Ph.D

rements of th
press). 

g 2010 trials

artier CR 2013

artier TR IOS

US/CA Nuclea

Implications
l Laboratorie

”. Science an

56

of
3

or

del
cs,

rs
nd

D.

he

s”,

3-

SL

ar

s”.
es,

nd



DRDC Ottawa TR 2013-056 47

4. Erhardt, L.S., “RDD Hazard Modelling, Risk Assessment and Characterization Experiments”.  
CBR MOU International Task Force 53 (ITF-53) on Pre-event Radiological Standoff 
Detection.  Ottawa, ON.  June 2010. 

5. Erhardt L.S., Quayle D., and Larsson, C.L. “Full-scale RDD Experiments and Models”. 
Science and Technology Intelligence Group Meeting. ASIO, Canberra, Australia, May 2011. 

6. Lebel, L.S., Brousseau, P., Erhardt, E., and Andrews, W.S., “An Investigation of 
Aerosolization and Associated Phenomena Resulting from the Detonation of Explosives,” 
Proceedings of the 26th International Ballistics Symposium, Miami, FL, Sept. 12-16, 2011. 

7. Zaidi, A. and Erhardt, L.S. “RDD Source Term Modeling”.  AUS/CAN/UK/US RDD 
Workshop Sandia National Laboratories.  Albuquerque, NM.  December 2011.  

8. Erhardt, L.S. and Quayle, D., “Large-Scale Outdoor RDD Trial Plans”.  AUS/CAN/UK/US 
RDD Workshop.  Sandia National Laboratories.  Albuquerque, NM.  December 2011. 

9. Lebel, L.S., Brousseau, P., Erhardt, E., and Andrews, W.S., “Entrainment of Powders and 
Soils into Explosive Fireballs,” Proceedings of the 9th International Symposium of Special 
Topics in Chemical Propulsion, Quebec City, QC, July 9-13, 2012. 

10. Harper, F., “Sandia source-term characterization overview”. US/UK/Canada Conference on 
Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

11. Parkes, D., “UK source-term characterisation overview (S)”. US/UK/Canada Conference on 
Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

12. Erhardt, L.S., “Review of configuration considerations and constraints”. US/UK/Canada 
Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

13. Brousseau, P. and Erhardt, L.S., “Experimental source configuration (S)”. US/UK/Canada 
Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

14. Parkes, D., “Experimental source hydrocode modelling”. US/UK/Canada Conference on Full-
Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

15. Harper, F., “Overview of Israeli field trials”. US/UK/Canada Conference on Full-Scale RDD 
Field Trials.  Las Vegas, NV.  February 2013. 

16. Erhardt, L.S., Quayle, D. and Jones, T., “Conduct of the full-scale RDD field trials”. 
US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 
2013. 

17. Roy, G., Cao, X., Brousseau, P., Bernier, R. and Erhardt, L. “RDD Project: Scanning LIDAR 
Results”. US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  
February 2013. 

18. Korpach, E. and Berg, R. “RS250 NaI Monitors – Plume Passage”. US/UK/Canada 
Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 



48 DRDC Ottawa TR 2013-056

19. Erhardt, L.S. and Noel, S. “Thermo RadEye PRD Network for the FSRDD Field Trials”. 
US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 
2013. 

20. Okada, C., Van Etten, D., Sorom, R., “Air Particulate Sampling at RDD Trials”. 
US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 
2013. 

21. Keillor, M., Kernan, W. and Kirkham, R., “Far Field Air Sampling for DRDC Particle 
Release Trial”. US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  
February 2013. 

22. Erhardt, L.S., Quayle, D. and Watson, I., “Beta measurements at the FS RDD Field Trials”. 
US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 
2013. 

23. Fortin, R., Buckle, J., Sinclair, L., Seywerd, H., Van Brabant, R., Coyle, M., Harvey, B. and 
Al-Khoubbi, I., “NRCan's Airborne and Truckborne Data Acquisition”. US/UK/Canada 
Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

24. Erhardt, L.S. and Noel, S. “RadEye network – deposition results”. US/UK/Canada 
Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

25. Korpach, E. and Berg, R. “Deposition Results from the RS250 NaI Monitors and Ground 
Based Filters”. US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  
February 2013. 

26. Okada, C., Van Etten, D., Sorom, R., “In-situ gamma spectral measurements at RDD Trials”. 
US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 
2013. 

27. Sinclair, L and Fortin, R., ”Unfolding of airborne measurements”. US/UK/Canada 
Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

28. Nsengiyumva, D., “RDD Database - Canadian Version”. US/UK/Canada Conference on Full-
Scale RDD Field Trials.  Las Vegas, NV.  February 2013. 

29. Yu, K., Nasstrom, J. and Foster, K., “NARAC Modeling of the Canada Full-Scale RDD Field 
Trials”. US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  
February 2013. 

30. Purves, M., “Dispersion Modelling of FSRDD trials using HPAC and DIFFAL”. 
US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  February 
2013. 

31. Bensimon, D., Bourgouin, B., Ek, N. and Malo, A., “Overview of Dispersion Modelling as 
applied to RDD Experiment at CFB Suffield”. US/UK/Canada Conference on Full-Scale 
RDD Field Trials.  Las Vegas, NV.  February 2013. 



DRDC Ottawa TR 2013-056 49

32. Bensimon, D., Bourgouin, B., “Overview of meteorological conditions during the field 
trials”. US/UK/Canada Conference on Full-Scale RDD Field Trials.  Las Vegas, NV.  
February 2013. 

33. Lebel, L.S., Brousseau, P., Erhardt, E., and Andrews, W.S., “Measurements of the 
Temperature Inside an Explosive Fireball,” Proceedings of the 27th International Ballistics 
Symposium, Freiburg, Germany, Apr. 22-26, 2013. 

34. Lebel, L.S., Brousseau, P., Erhardt, E., and Andrews, W.S., “Detonation Product Combustion 
in Explosive Fireballs,” Proceedings of the 7th International Seminar on Fire and Explosion 
Hazards, Providence, RI, May 5-10, 2013. 

C.3 Other significant documents 

1. Fitzgerald, J. Erhardt, L.S., Green, A.R., White, D. and Quayle, D., Due Diligence EA for FS-
RDD CRTI Radiation Trial - Explosive Dissemination of a Low Radioactive Source.  DRDC 
Suffield Environmental Assessment Report.  October 2011.   

2. Erhardt, L.S. et al. (2012) Radiological Practice Approval Form CRTI-07-0103RD (RadPAF 
2011-004) Defence R&D Canada – Suffield. 13 Feb 2012. 

3. Billette, N., Erhardt, L.S., Green, A.R., White, D. and Quayle, D., Environmental Screening: 
Dispersion Modelling Field Trial.  DRDC File #: 1267-1410-1212-01, CEA Registry #: 12-
01-67220.  April 2012.   

4. Green, A.R. (2012) CRTI 07-103 RD Trials, ONTAP-0002-12 (DRDC Suffield Online Turbo 
Approval Process), 4 May 2012. 

5. Erhardt, L.S., Quayle, D., Green, A.R., White, D., Noel, S., et al. (2012) Full-Scale Radiation 
Dispersion Device Experiment Plan Version 2.8. May 2012. 

6. Erhardt, L.S., Quayle, D., Green, A.R. and White, D. (2012) After Action Report: Full-Scale 
RDD Spring Trial. August 2012. 



50 DRDC Ottawa TR 2013-056

List of symbols/abbreviations/acronyms/initialisms

C Degrees Celsius 
AAR After Action Report 
ABM Agent Based Modelling 
AECL Atomic Energy of Canada Limited 
AU Acadia University 
AWE Atomic Weapons Establishment 
Bq Becquerel 
CBRNE Chemical, Biological, Radiological, Nuclear, Explosive 
CBSA Canadian Border Services Agency 
CF Canadian Forces 
CFD Computational Fluid Dynamics 
CFX Computational Fluid Dynamics 
Ci Curie 
CJIRU Canadian Joint Incident Response Unit
COE Centre Of Excellence 
CPS Counts Per Second 
CRTI CBRNE Research and Technology Initiative 
CSS Centre for Security Science 
CSSP Canadian Safety and Security Program 
CTTC Counter Terrorism Technology Centre 
CWMD Combating Weapons of Mass Destruction 
DGNS Director General Nuclear Safety 
DND Department of National Defence 
D N Safe Director Nuclear Safety 
DOE Department of Energy 
DRDC Defence Research and Development Canada 
EC CMC Environment Canada  Canadian Meteorological Centre 
EPG Experimental Proving Grounds 
FE Finite Element (analysis) 
FFSE Future Forces Synthetic Environments 
FSRDD Full-Scale RDD: Experiments and Models 
FTP Field Trial Plan 
GBq Giga Becquerel 
GPS Global Positioning System 
GZ Ground Zero 
h hours 
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HC RPB Health Canada Radiation Protection Branch 
HPAC Hazard Prediction and Assessment Capability 
HPGe High Purity Germanium 
IP Intellectual Property 
IR Infra-Red 
ISR International Safety Research 
km kilometer 
LIDAR Light Detection And Ranging 
m meter 
MDT Mountain Daylight Time 
m/s Meters per second 
N/A Not Applicable 
NaI Sodium Iodide 
NECSI New England Complex Studies Institute 
NEW Nuclear Energy Worker 
NNSA National Nuclear Security Administration 
NRCan Natural Resources Canada 
PNNL Pacific Northwest National Laboratories 
PRAT Probabilistic Risk Assessment Tool 
PRC Project Review Committee 
PRD Personal Radiation Detectors 
PPE Personal Protective Equipment 
PWGSC Public Works and Government Services Canada 
QA/QC Quality Assurance/Quality Control 
RAD Radiological Analysis and Defence  
RadPAF Radiological Practices Approval Form 
RadSO Radiation Safety Officer 
RCMP Royal Canadian Mounted Police 
RDD Radiological Dispersion Device 
RMC Royal Military College 
RSL Remote Sensing Laboratories 
SNL Sandia National Laboratories 
SPH Smoothed-Particle Hydrodynamics
TBD To Be Determined 
TDG Transport (of) Dangerous Goods 
TSWG Technical Support Working Group 
UK United Kingdom 
US United States (of America) 
US DTRA US Defense Threat Reduction Agency 
UXO Unexploded Ordinance 
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explosive used to perform the dispersion of our radioisotope, the experiments culminated in a
series of three outdoor releases of a short-lived tracer isotope, 140La.   

The dispersion and deposition from these outdoor explosive releases were monitored and
recorded using a wide variety of instruments.  Radiation was monitored using fixed point large 
volume gamma detectors, a large number of small volume gamma detectors (260), truck and
helicopter mounted spectrometry equipment, hand-held survey instruments, and air-samplers. 
Weather conditions were monitored from three mobile meteorological stations, as well as 
through the launching of weather balloons.  There were also LIDAR, high speed video, and 
wide-field video monitoring of the explosions and subsequent plumes. 

The unique data sets gathered during these releases fed existing RDD modelling efforts and will
be shared with our allies to inform future generations of models and risk assessments. 
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