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Abstract. The IAEA Department of Safeguards is proposing a spatial data delivery process for state submission of 

site declaration maps.  This new initiative is in support of the Department’s Geospatial Exploitation System (GES) 

which utilizes spatial data from a multitude of sources to enable spatial analysis to verify declarations. Worldwide, 

many sites deliver declaration maps produced with spatially enabled technologies, such as Geographic Information 

Systems (GIS), however, the actual spatial data that enables the map production is absent. This paper will present 

how Bruce Power is using GIS to manage safeguard information for its site and why supporting the digital 

submission of spatial data to the IAEA, as part of the state declaration, both modernizes and simplifies the 

submission process while also supporting the objectives of the IAEA GES.   

 

1. Introduction 

Bruce Power LP is Canada’s first private nuclear generator and the largest nuclear facility in the 

world.  The 1,000 Hectare site at Douglas Point on the eastern shores of Lake Huron houses the 

Bruce A and Bruce B generating stations, each holding four CANDU (Canada Deuterium 

Uranium) reactors. Construction on the site began in 1960 and Atomic Energy of Canada 

declared the Douglas Point facility to be a commercial operation in 1968.  When Bruce Power 

became the licensed operator of the site in 2001 the units in Bruce A were laid up. Through 

extensive projects all four reactors in Bruce A were restarted.  By 2012 with the eight units 

online, the facility’s output increased to 6,300 Megawatts and today it generates 30 percent of 

the electrical power for the province of Ontario.    

The Property Management Department of Bruce Power has implemented a Geographic 

Information System (GIS) to support its business function within the Site Services Division for 

non-nuclear infrastructure.  The foundation of GIS is a centralized database of layers and 

attributes that can be maintained and accessed by many users as a corporate resource through 

desktop and web-enabled tools.   In municipalities GIS is a ubiquitous part of the day to day 

operations for managing information on civil infrastructure.  Similarly, Bruce Power Property 

Management has a mandate to understand site assets, such as roads, parking, buildings and other 

structures, their status, use and changes in condition over time.  Property Management is 

currently proposing the development of an enterprise GIS environment built on ESRI ArcGIS 

software.  This would permit layers of data to be managed in a secure environment, which in turn 

could be shared by many users across the corporation.  One of the outcomes of this GIS initiative 

will be the ability to support the submission of digital geospatial data for site declaration 

mapping to IAEA Safeguards. 

2. Safeguards mapping 

Across the Bruce Power site there are over 300 buildings, 50 Kilometers of road, 70 Kilometers 

of linear infrastructure, including buried piping and over 5 million square feet of interior space.  
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Most of the site infrastructure was built in an era prior to CAD or digital mapping.  Many of the 

records for the site infrastructure exist as digital scans of paper drawings and a limited amount of 

information has been maintained within a CAD format.  The soft and hard copy outputs in the 

form of drawings make up the ‘official’ record of site.  However, CAD has inherent limitations 

from an information management perspective.  Direct access to information is generally limited 

to CAD operators, outputs are static and not responsive to change, staff access to drawings are 

generally limited to PDF format in pre-set scales and extent, and it is not possible to integrate 

multiple drawings together without engaging in the manipulation of the actual CAD files 

themselves. 

Up until 2013, Bruce Power had provided its site declaration maps to the IAEA Safeguards in 

PDF format.  A set of five drawings showing safeguards over different areas of the site were 

provided as the site declaration package, complying with Article 2.a (iii) of the Model Protocol 

Additional to Safeguards Agreements [1], which states: 

“A general description of each building on each site, including its use and, if not apparent from that 

description, its contents. The description shall include a map of the site.” 

 

The drawings adhere to the intent of the article, however, PDF format does not support the re-

integration of site map information into a digital geospatial environment.  As an internal product, 

the site declaration drawings give little support to the day-to-day operations of the Bruce Power 

Site Services.  

3. IAEA Geospatial Exploitation System (GES) and site declaration maps 

As part of its modernization of information technology, the Department of Safeguards has 

developed a repository of geospatial data that it makes accessible to its analysts and inspectors to 

fulfill their monitoring role of nuclear sites within member states. The GES [2] manages 

geospatial data in the form of aerial and spaceborne imagery, combined with vector-based data 

within an enterprise GIS built upon the ESRI (Environmental Systems Research Institute) 

ArcGIS software suite. Site declaration maps in the form of traditional cartographic non-digital 

representations cannot be integrated within the GES.  Manual digitizing of site maps into a 

digital format compatible with a GIS is time consuming, risks transcription errors and is 

inefficient. Moreover, if the site operator has already developed geospatial data to create the 

declaration map, there is a further inefficiency in the overall transaction. For these reasons, it is 

reasonable that the IAEA would adopt a protocol for delivering site declaration maps in the form 

of GIS data that can be integrated directly into the GES.  As an outcome for the IAEA this would 

eliminate transcription errors, save time, improve interpretation, enable better change analysis 

and improve the overall effectiveness of the GES.   

 

For the site operators the provision of digital spatial data would most likely fall under the 

following scenarios: 

 

a) Site has implemented GIS: 

If the operator has implemented GIS to manage spatial information about the site, the 

provision of that data to the IAEA is a technically viable proposition. Details of standards for 



3 
 

the data models, coordinate systems, naming, metadata and specific content would need to be 

finalized. This would be the preferred state. 

b) Site uses CAD to generate maps: 

If the operator manages site data in a CAD environment, there are potential obstacles to 

supporting the translation into a GIS compatible format.  These obstacles are diverse and 

beyond the scope of this paper to examine and would need to be addressed on a case-by-case 

basis. However, there are technical options that could still support the IAEA objectives, 

including software tools that may assist, discussed in section 5 below.  

4. Geographic Information Systems for a nuclear site 

 

For Bruce Power Property Management the initial stimulus for the development of a geospatial 

repository was to support asset management for civil infrastructure and capital planning. For 

both purposes the information is of a dynamic nature and not well-suited to a CAD solution, 

whereas, in GIS, features, such as buildings, can be linked to tables in a database enabling near 

real-time production of renderings and visualization of scenarios.  Maps showing the Facility 

Condition Index (FCI) for the non-nuclear buildings were produced for senior management. Site-

wide maps that integrated the FCI supported senior-level discussions around the map that lead to 

a building renewal project to invest in new structures and renovations across the site.  

 

In the past year, use case scenarios and discussions with work groups have demonstrated support 

for continuing the GIS implementation.  The current implementation strategy is similar to the 

opportunistic-infrastructure and business process pattern of GIS adoption described by Chan and 

Williamson [3] whereby senior management has provided initial support for GIS to demonstrate 

its capability to organize, visualize and integrate information on a map.  As part of the initiative 

to build a geospatial asset management repository for the site infrastructure, the GIS repository is 

built on data models similar to a municipal setting, including roads and parking, topography and 

drainage, and linear infrastructure such as buried piping, electrical and telecommunications.  The 

state of the information exists mainly in a development stage or as a prototype.  However, the 

integration of spatial layers, that had not been visualized together before, along with 

orthorectified aerial imagery has created a large demand for map products from Bruce Power 

staff. 

 

GIS technology has become a ubiquitous part of government agencies, non-government agencies 

and the private sector across a wide spectrum of applications that involve the question of 

‘location’.  The adoption of GIS has followed a diffusion pattern that Rogers [4] described as 

‘the process by which an innovation that is communicated through certain channels over time 

among members of a social system’, whereby communities of disciplines have adopted 

geospatial technology in ways unique to each.  The International Facilities Management 

Association [5] whitepaper on GIS for facilities management has outlined a relatively new 

application for GIS in mapping the interiors of buildings in campus settings.  Bruce Power is 

presently implementing Building Information Modeling (BIM) for five new buildings planned 

for construction and renovation.   BIM and GIS integration offers the potential for creating 

seamless spatial information management across the site, with integration with office space 

management, integrated work management, fire and security, operations and maintenance. 
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5. Support for IAEA GES digital site declarations 

 

At Bruce Power, the implementation of GIS for asset management has provided the geospatial 

repository that will support digital site declarations in the future. One of the aspects of the IAEA 

draft protocol for digital site declarations is a proposed data model for submissions. This makes 

logical sense from the IAEA perspective since in an idealized situation, the digital site 

declarations would integrate seamlessly into the GES.  However, the data model that Bruce 

Power uses for its GIS layers does not coincide with the one that IAEA has proposed [2].  The 

on-site data model is more in-depth, detailed and rich in content than that of the IAEA.  The 

following are two potential approaches for achieving the GES goals and supporting GIS adoption 

for site operators: 

 

a) Standardized GIS data model for sites: 

Across disciplines that have adopted GIS to manage geospatial information there are 

common data models.  However, at the local-level where data is collected and developed 

modification to models is inevitable in order to account for unique characteristics either in 

the geography of the area of interest or in the information management practices of agency.  

Within the ESRI user community, there are two notable data models, the Local Government 

Information Model (LGIM) [6] and the Facilities Information Spatial Data Model (FISDM) 

[7].  Bruce Power is currently building its prototype site data in a Canadian Municipal Data 

Model (CMDM) [8], which is a Canadian version of the LGIM.  If the IAEA will require site 

declarations to adhere to a specific data model structure, the following are points to consider: 

i. The IAEA data model for site mapping should be a subset of an industry-

recognized structure, such as the LGIM or similar. 

ii. Common coding schemes, or domains, for fields should be established that both 

support the IAEA requirements and are in-depth enough to satisfy the local 

requirements of the site operator. The attribute domains should be derived from 

standard data models whenever possible. 

 

b) Data transformation tools: 

In a scenario where a site operator has already adopted a locally unique GIS data model or is 

using CAD software for managing site mapping, the compliance to an IAEA digital standard 

is not directly supportable.  However, data models can be transformed and data formats can 

be translated from CAD to GIS.  The Feature Manipulation Engine (FME) from Safe 

Software [8] offers both desktop and cloud-enabled tools that could be employed to 

transform data models from a local structure into one that is compliant with an IAEA 

standard, as well as, translate geospatial data from one of many vendor-specific formats into 

another.  An elegant solution to the data model problem could be the implementation of a 

cloud-based translator by the IAEA through which site operators would submit their local 

GIS data.  This would ensure a standardized data package for the IAEA, and would provide 

greater flexibility to accommodate varied scenarios of digital mapping on the operator side. 
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6. Conclusion 

The implementation of GIS at Bruce Power is still in its initial stages. However, since 2013 it has 

played a role in securing investment in infrastructure renewal, merging disparate drawings and 

pre-digital drawings into an integrated system that can quickly respond to requests for maps and 

analysis of site assets.  There has been an increasing number of map requests from groups across 

the organization, demonstrating how the integration of spatial information provides a valuable 

input to decision making. The next phase of GIS will involve providing Bruce Power staff with 

desktop GIS tools and integrating spatial data management into workflows.    

The development of GIS for a nuclear site inherently produces the data that the IAEA requires 

for the digital delivery of safeguards mapping for site declarations.  Through the adoption of 

compatible data models, toolsets and nurturing a philosophy of data sharing, there lies much 

potential to both enhance the effectiveness of the GES for the IAEA, and promote to nuclear 

operators the merits of implementing GIS for managing information on their site assets. 
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