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The team at RSMC-Montreal recently completed 2 significant R&D projects that were started close to 5 years ago under the funding of the CRTI program.  CRTI stands for Chemical, Biological, Radiological-Nuclear, and Explosives (CBRNE) Research and Technology Initiative (CRTI) and is led by the Defence and Research Development Canada’s (DRDC) Centre for Security Science (http://www.css.drdc-rddc.gc.ca/index-eng.asp).  The mandate of the CRTI is to fund projects and technology (S&T) that will strengthen Canada's preparedness for, prevention of, and response to potential CBRNE threats to public safety and security. Through this collaborative, coordinated initiative, the federal S&T community and its partners are working to enhance Canada's capability and capacity to respond to CBRNE threats to public security.  The RSMC-Montreal team collaborates to many CRTI projects (resuspension of nuclear material, characterisations of RDDs, etc.) but the following two projects could be of particular interest for the ERA coordination group.

1-  Dispersion modeling in urban environments:
The project entitled “Advanced Emergency Response System for CBRN Hazard Prediction and Assessment for the Urban Environment” (CRTI-02-0093RD) aims to develop and validate a prototype modeling system for prediction of the transport and dispersion of CBRN materials in the urban environment.  This undertaking consisted of 6 major components: (1) development of a computational fluid dynamics model (urbanSTREAM) for microscale urban flow prediction; (2) incorporation of an urban parameterization in a meso-γ scale numerical weather prediction model (GEM-LAM); (3) coupling of urbanSTREAM with the “urbanized” GEM-LAM; (4) development of a Lagrangian stochastic model (urbanLS) for prediction of urban dispersion; (5) validation of the fully coupled modeling system; and, (6) development of a methodology for source (event) reconstruction .  A full prototype of the modeling system has been implemented in the computing environment of a government operations centre [Environmental Emergency Response Section (EERS), Environment Canada (EC)].

This prototype modeling system serves as the basis of a high-fidelity predictive tool for scenario planning, forensic and post-event analysis, as well as for operational response. Incorporation of the capabilities of the proposed system in a government operations centre will result in improved emergency preparedness and management of CBRN incidents in Canadian cities.  The tool can be used for planning at events of national significance (e.g., G8 summit, APEC meeting, 2010 Winter Olympics, etc.). 

A prototype of an operational multi-scale modeling system has been fully incorporated into the computing environment at EC-EERS including the visualization software which allows interactive display of the complex velocity fields in an urban environment and of the concentration field produced by the release of a contaminant (CBRN agent) into this flow field. This prototype modeling system, validated over Oklahoma City “Joint Urban 2003”, has been executed over Ottawa, Montreal, and Vancouver in order to test, verify, and demonstrate its capabilities to provide dispersion modeling,. In particular, this unique modeling system has been applied to provide city specific dispersion modeling products for a number of hypothetical releases in Vancouver. These dispersion modeling products have been imported successfully into a simulation engine developed under another CRTI project with the objective of demonstrating a unified interoperability solution supporting a concept of operations framework development for the coordination of a municipal-provincial-federal collaboration to a CBRN response.

In the last year, work has been completed on a Bayesian inference approach for multiple source reconstruction.  This approach was developed from a limited number of noisy concentration data obtained from an array of sensors for the difficult case where the number of sources is unknown a priori. In this approach, the posterior density function for the number of sources and the parameters (e.g., location, emission rate, time of release) for each of these unknown sources is formulated.  These source reconstruction capabilities can now be further tested on experimental datasets.

A number of partners on this project participated in the annual meeting of Technical Panel 9 (TP-9) of The Technical Cooperation Program (TTCP) Chemical, Biological, and Radiological (CBR) Defense Group, which was hosted this year by the Defence Research and Development Canada (DRDC) and the Canadian Meteorological Centre (CMC) in Montreal, Quebec on 4-7 February 2008.  This meeting afforded the opportunity for various project partners to present the results of their work to an international panel of CBRN modeling specialists from Australia (AS), Canada (CA), the United Kingdom (UK), and the United States of America (US). In addition, this interaction/collaboration with TTCP TP-9 will enable the project partners to access data from a comprehensive field experiment for Sensor Data Fusion (SDF) conducted under the auspices of TP-9; namely, the FUsing Sensor Information from Observing Networks (FUSION) Field Trial 2007 (FFT-07) with US, UK, CA and AS all participating.  FFT-07 was conducted at the US Army Dugway Proving Ground (DPG) in September 2007 for the purpose of generating a comprehensive meteorological and tracer dispersion dataset suitable for testing current and future CBR SDF algorithms (source reconstruction).
The modeling system can form the basis for the automated preparation of city- and location-specific decision support products for emergency response managers and decision makers.  This includes timely information on area contamination and exposed facilities from a plume of hazardous material in order to provide a coherent operational picture of the evolving CBRN hazard required for situational awareness and emergency preparedness. The modeling system is being applied to the planning of specific high-profile events such as development of CBRN counter-terrorism measures for the 2010 winter Olympics. Health Canada’s operational response on nuclear hazards will benefit directly from the outputs of the system, by integrating these outputs with their ARGOS system.   Funding provided under a new project CRTI-07-0196TD entitled “Towards an Operational Urban Modeling System for CBRN Emergency Response and Preparedness” will transition this unique state-of-the-science urban flow/dispersion hazard modeling system towards the status of a prototype operational system at EC-EERS. This key-enabling technology could potentially as a national reach-back and support center for CBRN planning, real-time assessment, and provision of decision support products for emergency response in Canada.

For a short description of the prototype system that has been developed please refer to the following document: http://eer.cmc.ec.gc.ca/index_e.php?page=s_activites/s_crti/s_crti-02-0093rd/s_publications/publications_e.html
Further reference on this project can be found at: 

http://eer.cmc.ec.gc.ca/s_activites/s_crti/s_crti-02-0093rd/s_publications/CUDMsystem_v8_1nov2007.pdf

2-  Improvement of the real-time estimation of the precipitation scavenging processes in dispersion models
The project entitled “Real-time determination of area of Influence of CBRN releases” (CRTI 02-0093RD) developed the use of real-time radar data to better evaluate the scavenging of radiological material by precipitation and to develop and implement improved parameterizations of dry and wet deposition of radiological material.
CBRN material released to the atmosphere by terrorist activities will form an airborne plume that undergoes advection and dispersion by ambient wind and turbulence fields.  An appropriate response to this situation requires the best possible knowledge of how the material will be influenced by precipitation, and where and when the material will be deposited, with the shortest delay between releases and forecast. The goal of this project was to provide first responders and decision makers with reliable, real-time assessment and forecasts of the timing, location and amount of deposited CBRN material.  To achieve this goal, an integrated modeling system is required to address four key areas: forecasting the trajectory and concentration of CBRN material in the air; forecasting the location, duration and intensity of precipitation; estimating the amount of airborne material deposited on the ground when it is raining or snowing; and calculating deposition in the absence of precipitation.  These improved capabilities have been developed and implemented within the existing atmospheric transportation and dispersion models running operationally at the Canadian Meteorological Center and are available for access by Health Canada’s ARGOS system.
Relative forecast accuracies of NWP (Numerical Weather Prediction) models and the nowcast methods of MAPLE (McGill Algorithm for Precipitation forecasting by Lagrangian Extrapolation) have been studied through previous project tasks at McGill University in Montreal. This has then been followed up with studies on how to best merge the two precipitation forecasts to surpass the accuracy of either individual method. Merged NWP/nowcast precipitation forecasting has now been transferred to Environment Canada’s Canadian Meteorological Center (CMC) and was implemented into the integrated system.   A new scheme of below-cloud scavenging by rain and snow, and two new in-cloud scavenging schemes have now been developed and implemented into the MLCD and MLDP dispersion models that are in use at CMC’s Environmental Emergency Response Section. Atomic Energy of Canada Limited (AECL) data on the washout of tritiated water vapor (HTO) from airborne plumes were used to evaluate the new below-cloud scavenging scheme. Measurements of the wet deposition of Beryllium-7 by Health Canada have been used to validate the newly developed in-cloud scavenging schemes.

Research into potential advances in wet deposition and precipitation forecasting have continued during the past year. A framework has been developed to handle wet deposition of aerosols with multiple modes and multiple components. For precipitation forecasting, the most predictable effects of the diurnal cycle on rainfall has been examined to improve forecasts. Also, a new size-resolved model and a 4-mode parameterization of dry deposition of atmospheric aerosols were developed and implemented within this project in order to address the issue of the significant underestimation of the dry deposition velocity for submicron aerosols by existing dry deposition models.  The dry deposition velocities predicted by the new model and the new parameterization were found to be in very good agreement with the measurements reported in the literature.  This work has resulted in the submission of a paper for publication.  In the past fiscal year, three additional papers from this project were accepted for publication in journals.

The system developed in this project is quite unique as there are very few systems that take into account real-time precipitation information and apply it to improve the assessment of the amount of material scavenged by precipitation.  Also, the system uses the best available forecasts of precipitation by merging short range NWP model precipitation output with radar derived nowcasting to predict the wet deposition of material. The dispersion models MLCD (Modèle Lagrangien Courte Distance) and MLDP (Modèle Lagrangien de Dispersion de Particules) were updated with these improved advanced wet and dry deposition schemes.

The developed system is linked to the Accident Reporting and Guidance Operational System (ARGOS) platform and run operationally at the Environmental Emergency Response Division, Canadian Meteorological Centre. As a primary end-user, Health Canada accesses predictions through the ARGOS system to provide an improved estimation of the amount of hazardous material released in the air and deposited on the ground. 
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