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ABSTRACT 
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Knight emphasized the conceptual difference between risk and uncertainty. According to him, 

risk is considered as a measurable probability, and uncertainty as a situation expressed by 

indeterminate and non-quantifiable values, that is, it refers to a situation of "numerically 

immeasurable" [3].  Since Knight’s definition, an extensive body of knowledge − theoretical 

as well as technical – related to uncertainty has already been created by scientists and 

practitioners of all disciplines. However, there is no agreement on the best taxonomy to be 

used.  

 

In this paper, the uncertainty related to engineering projects is treated, and two main groups 

of uncertainty are considered: ontological and epistemic uncertainty [4].  

 

Ontological uncertainty is due to the inherent variability of the system and represents a state 

of complete ignorance. Not only do we not know, but we don’t even know what we don’t 

know, therefore nothing can be done to reduce this uncertainty. In a technical context, it 

includes technological surprises or unexpected consequences caused by new developments or 

breakthroughs in technology and/or infrastructure. [5]. In a social context, ontological 

uncertainty includes value and belief diversities arisen from cultural, social, economic and 

political dynamics [5].  

 

Epistemic uncertainty (sometimes referred to as subjective) is due to imperfect or 

incomplete knowledge of the system of interest. If we have proper information, this 

uncertainty can be reduced. This is the fundamental difference between ontological and 

epistemic uncertainty. [5] 

 

Regarding decision making processes in large scale projects, one of the greatest challenges is 

to deal with the uncertainties that may arise from incomplete information, disagreements 

between different sources of information, linguistic imprecision, inaccuracy or scarcity of 

numerical data, inadequacy or limitation of calculation methods, among others. These 

uncertainties are characterized as epistemic and can be more clearly identified and diminished 

if a better way of collecting and transmitting the data is implemented.  

 

In order to reduce these uncertainties in engineering project development, a comprehensive 

knowledge base has been proposed. This knowledge base incorporates information that 
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describes the project objectively and analyzes it from a variety of perspectives. Information 

about ambiguities, inconsistencies and lack of information related to project documentation is 

also included in the knowledge base. The purpose of this knowledge base is to assist 

decision-making processes of managers, supervisors, engineers, operators and other 

professionals working in the safety, design, operation and maintenance of nuclear facilities. 

 

 

2. STRUCTURE OF THE KNOWLEDGE BASE  
 

This seccion describes the knowledge base being developed to support the design 

development of an Open Water Pools Research Reactor (OPLRR) project. This knowledge 

base is structured to contain a set of information that allows identifying and facilitating the 

forwarding of solutions to address inconsistencies and / or outstanding issues that may exist 

in the project. For that reason, the documentation of the OPLRR, such as P&I diagram, 

interfaces between the systems, setpoints, drawings, descriptive memorials, and even 

inconsistences or ambiguities found among the documents, is organized and presented in 

interconnection diagrams, with a structure similar to those found in concept maps. These 

interconnection diagrams have been built with the use of the CmapTools, a free software 

originally designed to help in knowledge management [6]. The use of this kind of tool allows 

the information to be organized in such manner that the user can search, visualize and obtain 

it in a more objective and clearer dataset, reducing the epistemic uncertainty through the 

search and making it possible to create a solid knowledge base to the users. The information 

has been structured as follows: the systems and the structures of the reactor, such as the core 

cooling or shutdown systems are presented in form of visual blocks similar to those 

commonly used to represent the concepts within a concept map structure. The user can verify 

the information about that specific system by clicking or passing the mouse over the visual 

block representing it, once all the relevant documents related to that system are attached to its 

visual block and displayed as icons. Lines connecting the visual blocks indicate what are the 

interfaces or interactions existing between those items, as exemplified in Figure 1, which 

demonstrates an example of the interconnection diagram of a typical OPLRR First Shutdown 

System (FSS) and its interactions or dependencies with others systems, such as the electrical 

or the pneumatic ones. Subsystems or a more detailed description of a given system are 

shown in another interconnection diagram that can be easily accessed by a link exhibited at 
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its root visual block. In Figure 2 it is shown the reactor core’s interconnection diagram 

popping up when the user clicks on its visual block located on the FSS interconnection 

diagram.  

 

 
Figure 1. Interconnection diagram representing the First Shutdown System (FSS) of the 
reactor. The main system is presented at the center and in a blue visual block. The other 

systems that somehow have an interconnection with main system are presented in 
orange visual block. 

 
The knowledge base should provide information about the plant systems so that the user can 

understand how the system works and also get informed about which information is not yet 

defined, i.e., the pending issues, and which inconsistencies are found in the project 

documentation. The pending issues, and specially the inconsistencies, are elements that 

generate epistemic uncertainties and should be eliminated throughout the project.  Usually, 

there is not in the documentation related to typical large scale projects a document listing the 

pending issues (such as a list of the setpoints to be defined, for example) and the 

inconsistencies in the project documents, then a document gathering this information could 

mitigate delays to the project and avoid the proliferation of epistemic uncertainties 

throughout the development of the project. Therefore, in this knowledge base it is proposed a 

document gathering all the pending issues, inconsistencies and a description to each of the 

systems. An example of this document, which is called as “System Description”, is shown in 

Figure 3. The user can view this document, which is displayed as a table, by clicking the 

visual block in the interconnection diagram where the system is included. In order to 
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highlight the inconsistencies 

respective fields of the table.  

 

Figure 2. Representation of reactor core interconnection diagram popping up from the 
FSS interconnection diagram when the user clicks over its visual block.

 

Figure 3. Representation
located over the 

 
Any document considered

visual block in its interconnection

Effects Analysis (FMEA) can 

 and pending issues, the yellow and red colors

 

Representation of reactor core interconnection diagram popping up from the 
FSS interconnection diagram when the user clicks over its visual block.

epresentation of the FSS description document popping 
 FSS visual block in the interconnection diagram.

considered important to a given system can be 

interconnection diagram by the user. As an example, a 

 be attached to the knowledge base by the Safety

colors are used on the 

 
Representation of reactor core interconnection diagram popping up from the 

FSS interconnection diagram when the user clicks over its visual block. 

 
 up from a link 

diagram. 

easily added to its 

 Failure Modes and 

Safety Analyst who is 
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working in the project, as exemplified in Figure 4, where a symbolic FMEA document of the 

FSS system pops up when the user clicks on its icon over the FSS visual block.   

 

 
Figure 4. Representation of the Failure Mode and Events Analysis (FMEA) document 
popping up from a link located in the FSS visual block of its interconnection diagram. 

 
The last level of the interconnection diagrams converges to the P&I diagram of the described 

system, as represented in Figure 5 where it shows the FSS P&I diagram popping up from the 

when the user clicks on the FSS visual block of its interconnection diagram.  

 

 
Figure 5. Representation of the FSS P&I diagram popping up when the user clicks on 

the FSS visual block of its interconnection diagram. 
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In the P&I diagrams, over each component there is a document presenting the information 

about the component, such as a description of how the component works, its reliability data, 

fabrication materials, failure modes and etc. This is not a permanent document, so it can 

always be updated by the users with the missing or correct details about the component. By 

the addition of this document the user can have a broader knowledge about the component 

than just its reliability data (which is in the most cases the only information given in 

reliability databanks, such as IAEA TECDOC- 930 or ANSI/IEE STD 500 [7,8]). Providing 

this document directly over the components drawings of the P&I diagrams contributes to 

create a holistic view about the influence of the component on the system it is applied and 

thus promoting a more accurate safety analysis of the system. Besides that, organizing and 

displaying the information by this method makes it fast, easy and intuitive to the user to reach 

that given information. In Figure 6 an example of this document is shown with the datasheet 

of a pneumatic solenoid valve that is applied in the FSS system of the OPLRR. Other than 

this document, it is also provided another document dedicated to the reliability data of the 

component, as exemplified in Figure 7. 

 

 
Figure 6. Over each component presented on the P&I diagram there is a description 
datasheet which opens when the user clicks on it, as represented in this figure. This 

description datasheet contains details about the component, such as its manufacture, 
model, main construction materials, common failures, maintenance and some other 

details. 
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Figure 7. A reliability datasheet of the component is available on each component 
presented at the P&I Diagram of the knowledge-base. The user can visualize this 

document by clicking on the link over the component drawing, as represented in this 
figure. 

 
The graphical, hierarchical and organized architecture of the proposed knowledge base allows 

the analyst or manager to quickly and easily obtain information regarding the systems, 

processes, equipment, and components of the project. Additionally, the proposal is that this 

knowledge base should be dynamic, i.e., it can be expanded and updated whenever it is 

considered necessary to include other information that is relevant to the project or the safety 

analysis. 

The information contained at the System Description documents, Reliability and Description 

Datasheets of the components comes from research and/or survey data on a particular system, 

equipment or component. This process of research or selection of information is crucial to 

reduce the epistemic uncertainties, once it raises the issues and the inconsistencies of the 

project, explains the interrelations between the systems, and promotes better comprehension 

of how the equipment works, its failures modes and consequences. All these and other 

important information, which are not originally contained in the project documents, 

contribute to reducing epistemic uncertainties arisen throughout the development of the 

project. 
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3. CONCLUSIONS  

 
This paper presents a knowledge base in which information is organized and structured in a 

manner that contributes to reduce epistemic uncertainties and, thus, to collaborate in the 

processes of safety analysis and decision making. Besides being organized in an easy and 

intuitive way, in a structure similar to that used in concept maps, the proposed knowledge 

base adds a set of information not listed in the project documentation or reliability databases, 

such as inconsistencies, ambiguities, and pendency’s found at the project documents, as well 

as the contextualized descriptions of the equipment and components in the systems, which 

cooperates with the decision-making and security analysis processes and, at the same time, 

makes this knowledge base a novelty to the nuclear field. 
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