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Application of Human Factors Engineering 
essential to ensure that the new man-machine interface outcoming from the modernization does not have any 
negative impacts on human performance and plant safety.
This paper analyzes the applicability of the Human Factors Engineering Program in the licensing and 
certification of Konvoi Nucleoelectric Power Plant Control Room Moder
instrumentation and control in accordance with U.S.NRC and KTA regulations.
The results of the analyses show that although regulatory bodies adopt different methodology in the process of 
licensing the modernization of control
principles of engineering. 
 
 

 
Many nuclear power plants in the world are approaching 20 to 30 years of operation. 
license renewal, even these plants still have at least 30 t
(IAEA, 2004). Therefore, the application of 
modernization and upgrading the automation systems, plant control rooms and local control 
stations has resulted from a complex combination
obsolescence of analog electronic systems, the difficulty obtaining
systems and the improved performance
(Galleti, 1996). 
 
However, the modernization process
introduction of advanced HSI
performance, it may induce unexpected side
poor interaction between operators and 
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ABSTRACT 

Application of Human Factors Engineering (HFE) in the design and implementation of such a project is 
machine interface outcoming from the modernization does not have any 

negative impacts on human performance and plant safety. 
This paper analyzes the applicability of the Human Factors Engineering Program in the licensing and 

Nucleoelectric Power Plant Control Room Modernization Project using digital 
in accordance with U.S.NRC and KTA regulations. 

es show that although regulatory bodies adopt different methodology in the process of 
licensing the modernization of control rooms, the engineering aspects are being developed based on the 

1. INTRODUCTION 

Many nuclear power plants in the world are approaching 20 to 30 years of operation. 
license renewal, even these plants still have at least 30 to 40 more years of operation life

he application of new generations of digital equipment
modernization and upgrading the automation systems, plant control rooms and local control 
stations has resulted from a complex combination of factors, including the degrada
obsolescence of analog electronic systems, the difficulty obtaining spare parts for such 

improved performance of human-system interface (HSI) 

modernization process brings positive and negative points
I technology is generally considered to enhance system 

performance, it may induce unexpected side-effects on operators in the systems due to the 
n between operators and advanced systems (Liu et al., 2016). The unexpected 
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effects include the potential to negatively impact human performance, spawn new types of 
human errors and reduce human reliability (O’Hara et al, 1997). 
 
O’Hara et al. (2002) concluded that new digital systems often provide the opportunity to give 
personnel information not available from analog systems. Improved instrumentation and 
control can help ensure that the information is more accurate, precise and reliable. The 
stability of digital control system can reduce the need for operators to adjust control settings 
to compensate for drift. 
 
The Three Mile Island Unit 2 (TMI-2) accident in 1979 was the most serious accident in  
U.S. commercial nuclear power plant operating history, although its small radioactive 
releases had no detectable health effects on plant workers or the public. It occurred as result 
of a series of human, organizational and mechanical failures. There has been general 
agreement in nuclear industry that human factors principles and requirements should be 
incorporated in the engineering process (Hugo, 2012). 
 
The nuclear regulatory bodies require the evidence of systematic human factors application 
on the HSI design. The U.S. NRC reviews the human factors engineering (HFE) aspects of 
NPPs to ensure that their design uses state-of-the-art HFE principles (O’Hara et al., 2010). It 
published requirements, standards and guidelines related to HFE issues, such as  
NUREG-0800, NUREG-0700 and NUREG-0711. 
 
This paper is structured as follows: in the following two sections, we will present a brief 
summary of HFE Program in accordance with methodology developed by U.S. NRC and 
KTA regulations. In section 4 will be presented the evaluations of the methodologies. Section 
5 presented the conclusion of the study. 
 
 

2. HFE PROGRAM ACCORDING TO U.S. NRC 

2.1.  The methodology of the U.S. NRC’s HFE review 
 
As mentioned, the U.S. NRC published some standards and guides to evaluate HFE aspects 
in the construction and modifications projects of nuclear power plants. In this item, we will 
perform a description of regulatory guide NUREG-0711. 
 
NUREG-0711 was published to establish the methodology for reviewing the HFE principles 
of design certification submittals for NPP. This program review model uses a top-down 
approach for conducting an U.S. NRC safety evaluation, so that the significance of individual 
topics is seen in relationship to the high-level goal of plant safety. 
 
The HFE program review model incorporates the following elements: HFE Program 
Management, Operating Experience Review, Function Requirements Analysis and Function 
Allocation, Task Analysis, Staffing and Qualifications, Human Reliability Analysis, Human-
Machine Interface Design, Procedure Development, Training Program Development, Human 
Factors Verification and Validation, Design Implementation and Human Performance 
Monitoring. 
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In program review are included the objectives of each HFE element, applicants products and 
submittals, the scope of an HFE element, inpu
elements or design activities. 

2.1.1. HFE Program Management
 
The objective this element is to ensure that the HFE Plan is properly executed throughout the 
different design phases and that HFE 
design and evaluation of HSI, procedures and training.
 
This section describes the overall organizational provision of project
This HFE Team should have responsibility, authority,
the HFE Program is defined. The te
disciplines.  
 
In modernization project of NPP control room or other modification process, the goals of 
program should consider the potential 
performance of personnel. 
 
NUREG-0711 described that the applicant shou
engineering discipline/activities along the project.

2.1.2. Operating Experience Review
 
The main purpose of the operating experience review (OER) is to identify HFE
issues. The OER provides information on the past performance of predecessor design. 
O’Hara et al. (2004) presented that the issues and lessons learned regarding ope
experience provide a principles for improving the plant design in a timely way, that is, 
changes made to personnel task and HSIs can be accomplished
understanding of the strengths and weaknesses of the design and the new technology t
be used once the modification is complete.
 
The overview of operating experience review is show in Figure 1 (EPRI, 2004).

Figure 1:  Overview of Operating Experience Review.
 
The main input for OER is the activities conducted. Thus, problems and
previous design can be identified.
tasks, and HSIs that will be impacted by the modification, both plant specific and industry 

In program review are included the objectives of each HFE element, applicants products and 
submittals, the scope of an HFE element, inputs and outputs, and relationships to other HFE 

HFE Program Management 

The objective this element is to ensure that the HFE Plan is properly executed throughout the 
and that HFE aspects are integrated into the plant’s development, 

, procedures and training. 

the overall organizational provision of project regarding HFE basis. 
have responsibility, authority, placement within the project to execute 

The team should include the expertise of different design 

In modernization project of NPP control room or other modification process, the goals of 
program should consider the potential effects of a new plant configuration on the 

described that the applicant should identify the process for integrating the each 
engineering discipline/activities along the project. 

ng Experience Review 

main purpose of the operating experience review (OER) is to identify HFE-
issues. The OER provides information on the past performance of predecessor design. 

presented that the issues and lessons learned regarding ope
experience provide a principles for improving the plant design in a timely way, that is, 
changes made to personnel task and HSIs can be accomplished with a thorough 
understanding of the strengths and weaknesses of the design and the new technology t
be used once the modification is complete. 

The overview of operating experience review is show in Figure 1 (EPRI, 2004). 

Figure 1:  Overview of Operating Experience Review. 
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experience is sought. Then, OER items will be cl
importance (O’Hara et al., 2004).

2.1.3. Function Requirements Analysis and Function Allocation
 
A function is a process or activity that is required to achieve a desire goal (EPRI, 2004).
Function requirements analysis (FRA) is
functions resulting from changes in the modernization project. 
considered the term function allocation
responsibility for conducting activity
combination of the two. The allocation is made on the basis of a function analysis to 
determine what is required to perform the function.
 
The FRA/FA process overview is indicated in Fig

Figure 2:  FRA/FA Process Overview.

2.1.4. Task Analysis 
 
The Task Analysis (TA) is the evaluation of the operator tasks of the plant with respect to 
requirements for accomplishing these tasks. 
weaknesses and limitations. It is an important activity because the task requirements can be 
used as input for development of the HSIs
supporting personnel. 

experience is sought. Then, OER items will be classified and prioritized based on their 
importance (O’Hara et al., 2004). 

2.1.3. Function Requirements Analysis and Function Allocation 

A function is a process or activity that is required to achieve a desire goal (EPRI, 2004).
sis (FRA) is a top-down process that addresses

functions resulting from changes in the modernization project. O’Hara et al. (2004) 
considered the term function allocation (FA) as used here simply refers to the allocation of 

activity to plant personnel, to automatic systems, or to some 
The allocation is made on the basis of a function analysis to 

determine what is required to perform the function. 

The FRA/FA process overview is indicated in Figure 2 (B&W NE, 2012). 

 
Figure 2:  FRA/FA Process Overview. 

The Task Analysis (TA) is the evaluation of the operator tasks of the plant with respect to 
requirements for accomplishing these tasks. This analysis considers human strength and 

It is an important activity because the task requirements can be 
used as input for development of the HSIs requirements for task accomplishment by 

assified and prioritized based on their 

A function is a process or activity that is required to achieve a desire goal (EPRI, 2004). 
es new safety 

O’Hara et al. (2004) 
as used here simply refers to the allocation of 

to plant personnel, to automatic systems, or to some 
The allocation is made on the basis of a function analysis to 

The Task Analysis (TA) is the evaluation of the operator tasks of the plant with respect to 
This analysis considers human strength and 

It is an important activity because the task requirements can be 
requirements for task accomplishment by 
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In the scope of TA are tasks to be performed in operating modes from the areas of operations, 
maintenance, test, inspection and surveillance.
 
The TA hierarchical structure is indicated in Figure 3 (

Figure 3:  Task Analysis Hierarchical Structure.

The high-level functions are generally operating procedures. Sub
statements of the operation’s general purpose in performing a related set of tasks. They 
specify a basic operating goal from the operator’s view. Each sub
represents one or more tasks with a single main purpose, and may be comprised in different 
situations by different set of tasks. Tasks in a sequence tend to cycle through these categories, 
although well-designed and skillfully performed tasks do not necess
categories. The benefit of this framework is that it directs the analyst's attention to the 
necessary components of deliberate, rule based behavior. The task steps level of this analysis 
specifies critical details that may be assoc

2.1.5. Staffing and Qualifications
 
The objective of this review is to guide the assessment of the staffing levels and personnel 
qualifications associated with the design. Normal and minimum staffing levels should b
established as design goals early in the modification process on the basis of operating 
experience review. 
 
The analysis is intended to identify new tasks for work group
task assignments should be made and to study the impa
personnel responsibilities (O’Hara et al., 2004).
 
2.1.6. Human Reliability Analysis
 
The main purpose this HFE element is to identify the important human actions (HA) and 
considered them in designing the HFE aspects of the plant to minimize the likelihood of 
personnel errors and to help ensure that personnel can detect and recover from any errors that 
occur (NRC, 2012). 

TA are tasks to be performed in operating modes from the areas of operations, 
maintenance, test, inspection and surveillance. 

is indicated in Figure 3 (IAEA, 2010). 

 
Figure 3:  Task Analysis Hierarchical Structure. 
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Figure 4:  The Role of Human Reliability Analysis in the HFE Program.

The Figure 4 illustrates the relationship between the 
risk assessment (PRA) and human reliability analysis (HRA)
including the concept of an initial PSA/HRA and then a final one at c
Risk-important human actions should be identified from the PSA/HRA and used as input to 
the HFE design effort. The identified actions should be 
design, or procedure development to change either the operator task or the control and display 
environment to reduce or eliminate undesirable sources of error (SKI, 2004).
 
2.1.7. Human-Machine Interface Design
 
The objective of HMI is to verif
appropriately translated to the detail design of alarms, displays, controls
computer interaction dialogue and other aspects of HMI into the design by a structured 
methodological approach. 
 
In this phase will be verified the existence of any discrepancies between the detail design of 
HSI and design regulations, guidance and guidelines (Jou et al., 2009).

Figure 4:  The Role of Human Reliability Analysis in the HFE Program.
 

The Figure 4 illustrates the relationship between the qualitative methods, such as probabilistic 
risk assessment (PRA) and human reliability analysis (HRA) and the rest of the HFE program, 
including the concept of an initial PSA/HRA and then a final one at completion of design. 

important human actions should be identified from the PSA/HRA and used as input to 
the HFE design effort. The identified actions should be re-examined by FRA, TA and 
design, or procedure development to change either the operator task or the control and display 
environment to reduce or eliminate undesirable sources of error (SKI, 2004). 
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ations, guidance and guidelines (Jou et al., 2009). 
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2.1.8. Procedure Development 
 
Procedures occupy a particularly important place in safety because they describe 
responsibilities, processes and rules for various disciplines in the project to ensure proper 
management and administration of the project. Task analysis is the base to developing the 
operational procedures. In addition, the procedures should be technically accurate, explicit 
and easy to understand and use. Procedures guide the personnel as they face normal, 
abnormal and emergency situations (O’Hara et al., 2002). 

2.1.9. Training Program Development 
 
The training program personnel shall provide the operators with the skills and knowledge 
necessary for safe and reliable in all operational modes (normal, abnormal and accident) of 
the plant. Training is an important stage of control room upgrade because the failure to train 
personnel for the transition periods from old to new design was identified as a significant 
problem (O’Hara et al., 2002). 
 
IAEA (2010) recommended the training must be performed on at least two different steps: 
 Development and execution training method for using and maintaining a new system; 
 Instructions and training for adapting to the new work practices, environment and culture 

as result of introducing the changes. 
 
EPRI (2004) discusses important topics to control room upgrades: 
 Changes in crew roles, responsibilities and teamwork; 
 Clarify the technical features and functions of computer-bases HSIs; 
 Interacting with automatic systems and decision aids; 
 Identifying and treating errors and failures; 
 Dealing with hybrid HSIs. 
 
A control room simulator is the main training tool used to deliver this training and qualify 
control room operating personnel. The simulator should be adequately maintained and 
upgraded when necessary to ensure that it continues to be a viable training tool that 
accurately replicates the operational features of the reference NPP (IAEA, 2010). 

2.1.10. Human Factors Verification and Validation 
 
The V&V is to assure that the design of the HSI conforms to HFE principles. The main 
groups of this element are the Operational Conditions Sampling, the Design Verification, the 
Integrated System Validation and the Human Engineering Discrepancies (HED) Resolution. 
The overview of V&V activities is indicated in Figure 5 (NRC, 2012). 
 
Operational Conditions Sampling describes the sampling methodology and identifies a range 
of operational conditions relevant to guide V&V activities. 
 
The Design Verification is divided into two activities: HSI Task Support Verification and HSE 
Design Verification. These activities are to verify that HSI are designed to accommodate 
human capabilities and limitations conform to HFE guidelines. 
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O’Hara et al. (2002) described the final design should be validated to show that the 
integration of hardware, software and personnel can p
requirements. 
 
HED Resolution is an evaluation to provide reasonable assurance that the HEDs identified 
along the process of V&V have been acceptably assessed and resolved (O’Hara et al., 2004).

Figure 5:  Overview of 

2.1.11. Design Implementation 
 
The main purpose is to verify that the as
design from the HFE process (NRC, 2012).
 
Design Verification Plan is developed to verify t
System according inspections, tests and acceptance criteria
as-built Control Rooms will be developed to guide the HFE design process.

2.1.12. Human Performance Monitoring
 
The goal of this element is to 
performance, identifying human performance degradation and prompting related corrective 
actions to help ensure that human performance does not degrade to an unacceptable level 
over time or due to plant design changes after the plant becomes operational (NuScale, 2015).
 
NRC (2012) recommends the development of Human Performance Implementation Plan to 
guide the process, to define the methodology, to identifying priorities, duration, process, 
and output documentation. 
 
 
 
 
  

O’Hara et al. (2002) described the final design should be validated to show that the 
integration of hardware, software and personnel can perform effectively all operational 

HED Resolution is an evaluation to provide reasonable assurance that the HEDs identified 
along the process of V&V have been acceptably assessed and resolved (O’Hara et al., 2004).

Figure 5:  Overview of Verification and Validation Activities. 
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3. HFE PROGRAM ACCORDING TO KTA
 
3.1.  The methodology of the KTA regulation
 
According to German Legislation, nuclear facilities may not be built and operate before a 
state license has be granted. The 
according to the safety philosophies
 
In Germany, the set of regulations and standards is formed by laws, ordinances, guides, 
standards and codes. The Nuclear Safety Standards Commissio
of the German nuclear community and
These documents are prepared by experts and are based on established national and 
international standards and rules.
 
In this part of the paper, we will present a brief description of the 
applied in the licensing process of nuclear power plant control rooms in Germany.
 
Schnürer et al. (1995) informed
NPPs is not sufficiently regulated by 
IEC and ISO standards will be applied for licensing and design certification 
control room. 

Figure 6:  Applicable Stand
 
The Figure 6 presents the regulatory standards which are essential for design and construction 
of digital control room in nuclear power plant
 
The safety standard KTA 3904 is considered the st
The document specifies the basic 
the use of other standards and rules for detailed requirements.
 
IEC 60964 specifies the functional design requirements to
design. This document presents the HFE principles used in HSI and control room design.
According to this document, some of the HFE elements

HFE PROGRAM ACCORDING TO KTA 

.1.  The methodology of the KTA regulation 

According to German Legislation, nuclear facilities may not be built and operate before a 
state license has be granted. The control rooms are considered as man-machine systems
according to the safety philosophies and must meet certain requirements. 

In Germany, the set of regulations and standards is formed by laws, ordinances, guides, 
Nuclear Safety Standards Commission (KTA) consists of members 

of the German nuclear community and aims to establish safety standards for nuclear facilities.
These documents are prepared by experts and are based on established national and 
international standards and rules. 

the paper, we will present a brief description of the main standards
in the licensing process of nuclear power plant control rooms in Germany.

Schnürer et al. (1995) informed that the usage of digital I&C in safety system of German 
NPPs is not sufficiently regulated by national standards. German KTA rules and associated 
IEC and ISO standards will be applied for licensing and design certification of modernization 

Figure 6:  Applicable Standards for Design and Construction of Control Rooms.

The Figure 6 presents the regulatory standards which are essential for design and construction 
of digital control room in nuclear power plant in Germany. 

The safety standard KTA 3904 is considered the start point of control room licensing process. 
basic requirements for design and construction and recommends 

the use of other standards and rules for detailed requirements. 

IEC 60964 specifies the functional design requirements to be applied in the control room 
presents the HFE principles used in HSI and control room design.

According to this document, some of the HFE elements, such as Functional Analysis, 

According to German Legislation, nuclear facilities may not be built and operate before a 
machine systems 

In Germany, the set of regulations and standards is formed by laws, ordinances, guides, 
consists of members 

to establish safety standards for nuclear facilities. 
These documents are prepared by experts and are based on established national and 

standards and rules 
in the licensing process of nuclear power plant control rooms in Germany. 

C in safety system of German 
German KTA rules and associated 

of modernization 

 
ards for Design and Construction of Control Rooms. 

The Figure 6 presents the regulatory standards which are essential for design and construction 

licensing process. 
and recommends 

be applied in the control room 
presents the HFE principles used in HSI and control room design. 

, such as Functional Analysis, 
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Assignment of Functions and Verification and Validation, will be detailed in more specific 
standards. 
 
IEC 61839 has been prepared to present the procedures of Functional Analysis and 
Assignment for the control room system design and to define criteria for Functions 
Allocation. This standard serves as supplementary standard to IEC 60964. 
 
The standard IEC 61771 gives specific requirements for the performance verification and 
validation in the design of the control room system. IEC 61771 recommends the application 
of the V&V process in all the areas affected by control room modification to ensure the 
correct integration with the control room. 
 
The other guides presented in figure 6 are supplementary to the standards referenced in this 
work. 
 
 

4. EVALUATIONS OF METHODOLOGIES 
 
4.1.  Evaluation of U.S. NRC methodology 
 
Koskinen et al. (2012) relates the main HFE elements have been identified in the control 
rooms design according to a review of related literature and studies on the field. However, the 
methodology proposed by NUREG-0711 does not identify all the HFE activities such as 
screening, concept of operations and maintenance.  
 
According EPRI (2004), screening is a review of the planned modification to determine the 
impact on design function, method of performing or controlling the function. 
 
Concept of operations refers to the direction in which the operational personnel is organized 
and monitors and controls the plant under normal, abnormal and emergency operations. It is 
important to emphasize how this operational philosophy may change as the control room and 
other HSIs are modernized (EPRI, 2004). 
 
Screening and concepts of operations are activities that their analysis should begin in the 
planning design phase. 
 
Prevent equipment failures and repair out of order are main activities of maintenance. 
Specific requirements should address also the HF aspects of the maintenance activities and 
verified from the beginning of the project to anticipate possible future failures by trying to 
make the systems more “maintenance-error tolerant” (Koskinen et al., 2012). 
 
Nuclear industry organizations confront issues of the loss of experienced workers and the 
knowledge and abilities they possess, furthermore, commonly this expertise is undocumented 
and the skills levels require time and efforts to acquire. The NUREG-0711 highlights the 
importance of OER on HFE process, although does not explicit the need for knowledge 
management. The management helps an organization to gain overview and understanding 
from its own experience (IAEA, 2006). 
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4.2.  Evaluation of KTA methodology 
 
As previously described, the German regulatory guides do not cover sufficiently the 
application of digital technology in modernization project of control rooms. It is necessary to 
use the other standards to complement the licensing process. 
 
The joint application of national standards with other international rules helps to ensure the 
new HSI is conducted according to the HFE principles. 
 
In the German licensing process of NPP, the HFE principles are present in the standards and 
rules, however they are not structured in the form of a program review as the methodology 
developed by the NRC. For this reason, we will normalize the program developed by the U.S. 
NRC from the perspective of the German regulatory guides to carry out a better analysis with 
the same basis. 

4.2.1. HFE Program Management 
 
The objective of this element, as proposed in NUREG-0711, is not clearly defined in the 
German regulatory guides. However, some topics of this element, such as scope and goals, 
HFE process and procedures, are mainly distributed in the standards IEC 60964, IEC 61839 
and IEC 61771. 

4.2.1. Operating Experience Review 
 
The standard KTA 3904 relates the need of include how and in what planning period 
experience was gained with the forerunner systems in other nuclear power plants or 
comparable parts of conventional power plants. 
 
IEC 60964 recommends that, when available, operational experience from other NPPs should 
be collected and analyzed to verify its applicability. 

4.2.2. Function Requirements Analysis and Function Allocation 
 
IEC 60964 highlights the need for perform of functional analysis and assignment of 
functions. This process of FRA and FA is considered as a first step for design of a control 
room because in this moment all of the functions required to operate the plant are initially 
identified and assigned. 
 
According to IEC 61839, the purpose of FRA is to define and document the plant safety and 
fundamental objectives of operation in a hierarchical level. After identify of tasks in a FRA 
process, the purpose of the FA is to assign the functions to human and machine. 

4.2.3. Task Analysis 
 
The standard IEC 60964 defines TA as analysis of tasks assigned to operational personnel 
with respect to the requirements for accomplishing these tasks. This analysis includes the 
definition of the organization and the number of operators, the personnel qualifications, the 
operational responsibilities for staff and the relationship between operators and plant. 
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The task analysis associated with the function allocation form the basis of detail design of 
control room system. 

4.2.4. Staffing and Qualification 
 
The standards KTA 3904 and IEC 60964 describe that the operational personnel should have 
knowledge about the principles of operations to ensure safe operation. 
 
IEC 61839 describes some necessary expertises to the group that will evaluate the function 
analysis and function assignment process. 
 
According to IEC 61771, it is recommended the use of basic technical staff with several 
expertises for the verification of function allocation. 

4.2.5. Human Reliability Analysis 
 
IEC 61771 requires a function analysis evaluation for all operational conditions (normal, 
abnormal and emergency situations) and verification of past human errors. This analysis will 
investigate the likelihood of human errors during high workload situations to measure their 
impacts. The qualitative methods should be applies to perform the human performance 
analysis. 

4.2.6. Human-Machine Interface Design 
 
IEC 60964 describes a structured methodological approach for control room design. The 
deliverables of function requirement analysis function allocation and task analysis will have 
great importance in the HSI design. As part of HFE chain, the operational experience and 
staff’s operational qualifications required will help the HSI development. 
 
The standard also emphasizes the use of these HFE elements as inputs in alarms, monitors, 
controls of SICS, PICS and LCS projects. 

4.2.7. Procedure Development 
 
The methodology of KTA regulation addresses the use of procedures based on HFE 
principles. The procedures should reflect the particularities and the function of the 
modifications. 

4.2.8. Training Program Development 
 
The training program should ensure that operational personnel have the necessary knowledge, 
skills and abilities for safe operation anticipating potential problems. 
 
For design modifications of an existing control room, the standard IEC 61771 recommend the 
validation of training program. 
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4.2.9. Human Factors Verification and Validation 
 
According to IEC 60964 and IEC 61771, the HFE Verification and Validation should be 
integrated with the design process, i.e. in the functional design and detailed design. 
 
The Figure 7 showed the overview of V&V process steps. 
 
IEC 61771 informs that each step of the V&V process should describe the evaluation criteria, 
the identification of source documents, and the organization of the verification team. It is also 
necessary to inform the schedule for the review. 

 
Figure 7:  Overview of V&V process steps. 
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4.2.10. Design Implementation 
 
The IEC standard does not clearly identify this HFE element. However, by an interpretation 
of the definition this element according to the U.S.NRC methodology and analysis of the 
standards IEC 60964 and IEC 61771, the Design Implementation can be evidenced through 
the deliverables of other HFE elements. 

4.2.11. Human Performance Monitoring 
 
IEC 60964 and IEC 61771 emphasize the development of operational personnel performance 
evaluation models to monitoring the HFE and HSI issues in design life-cycle. 

 
 

5. CONCLUSIONS  
 
The application of digital technology into modernization process of control rooms and HSI is 
already a trend in NPPs. In this process, new solutions and new issues related HFE are 
introduced. 
 
The HFE Program Review is a methodology for conducting a safety assessment from the 
point of view of HFE principles, however not all HFE elements are covered. HFE analysis 
should be started as early as possible in design process and should continue throughout the 
life-cycle the plant. 
 
For the licensing process of this modernization, good communication between the operator 
and Regulatory Bodies is necessary. The involvement of the regulator at the beginning of the 
project helps in the adequacy of the tasks performed with modernization according to the 
rules and standards. 
 
In addition, considering that project is unique in that it is not a routine operation, but a 
specific set of operations designed to accomplish a singular goal, the set of regulatory 
documents should be a guidance to ensure the safe and functional implementation and 
operability. 
 
The final results from U.S.NRC methodology and German regulation are basically the same. 
As occurred in the evaluation of the HFE Program developed by U.S.NRC, some HFE 
elements are not addressed in the German methodology. 
 
From the perspective of KTA methodology, the applicability of the HFE Program for the 
modernization of control rooms follows a more technical line with more detailed descriptions 
for FRA, FA and V&V. 
 
The HFE Program development by U.S.NRC is more structured and its applicability has a 
broader scope for modification projects and follows a more managerial philosophy. 
 
 
  



INAC 2017, Belo Horizonte, MG, Brazil. 
 

ACKNOWLEDGMENTS 
 
The authors would like to thank the Eletrobras Eletronuclear for the availability of rules and 
standards to development this work. 
 

REFERENCES 
 
1. Babcock & Wilcox Nuclear Energy – B&W NE, MPWR-TECR-005004 Rev. 000, 

“Functional Requirements Analysis and Function Allocation”, Lynchburg, VA, (2012). 
2. Electric Power Research Institute – EPRI, Report 1008122, “Human Factors Guidance 

for Control Room and Digital Human-System Interface Design and Modifications – 
Guidelines for Planning, Specification, Design, Licensing, Implementation, Training, 
Operation and Maintenance”, Palo Alto, CA, (2004). 

3. Galleti, S. G., “Human Factors Issues in Digital System Design and Implementation”, 
Proceedings of the 1996 American Nuclear Society International Topical Meeting on 
Nuclear Plant Instrumentation, Control, and Human-Machine Interface Technologies, La 
Grange Park, IL. American Nuclear Society, (1996). 

4. Hugo, J., “Linking Humans and Systems in Nuclear Power”, Proceedings of the 
8thAmerican Nuclear Society International Topical Meeting on Nuclear Plant 
Instrumentation, Control, and Human-Machine Interface Technologies, San Diego, CA, 
(2012). 

5. International Atomic Energy Agency – IAEA, NP-T-3.10, “Integration of Analog and 
Digital Instrumentation and Control Systems in Hybrid Control Rooms”, Vienna, (2010). 

6. International Atomic Energy Agency – IAEA, “Risk Management of Knowledge Loss in 
Nuclear Industry Organizations”, Vienna, (2006). 

7. International Atomic Energy Agency – IAEA, TECDOC-1389, “Managing 
Modernization of Nuclear Power Plant Instrumentation and Control Systems”, Vienna, 
(2004). 

8. International Electrotechnical Commission – IEC, IEC 60964 Rev. 2009, “Nuclear Power 
Plants – Control Room - Design”, Geneva, (2009). 

9. International Electrotechnical Commission – IEC, IEC 61771 Rev. 1995, “Nuclear Power 
Plants – Main Control Room Verification and Validation of Design”, Geneva, (1995). 

10. International Electrotechnical Commission – IEC, IEC 61839 Rev. 2000, “Nuclear Power 
Plants – Design of Control Room – Functional Analysis and Assignment”, Geneva, 
(2000). 

11. Jou, YT., Lin, C. J., Yenn, TC., Yang, CW., Yang, LC., Tsai, RC., “The Implementation of 
Human Factors Engineering Checklist for Human-System Interfaces Upgrade in Nuclear 
Power Plants”, Safety Science, Volume 47, PP. 1016-1025, (2009). 

12. Koskinen, H., Laarni, J., Salo, L., Savioja, P., “Developing a Human Factors Engineering 
Process for Control Room Upgrades”, Proceedings of the AHFE 2016 – International 
Conference on Human Factors in Energy: Oil, Gas, Nuclear and Electric Power 
Industries, Walt Disney World, FL, (2016). 

13. Liu, P., Li, ZZ., “Comparison between conventional and digital nuclear power plant main 
control rooms: A task complexity perspective, part I: Overall results and analysis”. 
International Journal of Industrial Ergonomics, Volume 51, pp. 2-9 (2016). 

14. Nuclear Regulatory Commission – U.S.NRC, NUREG-0711 Rev.3, “Human Factors 
Engineering Program Review Model”, Washington, (2012). 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

15. Nuclear Safety Standards Commission – KTA, KTA 3904, “Control Room, Remote 
Shutdown Station and Local Control Stations in Nuclear Power Plants”, Salzgitter, 
(2007). 

16. NuScale Power – RP-0914-8545-NP, “Human Factors Engineering Performance 
Monitoring Implementation Plan – Revision 0 – nonproprietary version”, Corvallis, OR, 
(2015). 

17. O’Hara, J., Brown, W., “Incorporation of Human Factors Engineering Analyses and 
Tools Into the Design Process for Digital Control Room Upgrades”, Proceedings of the 
4thAmerican Nuclear Society International Topical Meeting on Nuclear Plant 
Instrumentation, Control, and Human-Machine Interface Technologies, Columbus, OH, 
(2004). 

18. O’Hara, J., Higgins, J., Fleger, S., Barnes, V., “Human-system Interfaces for Automatic 
Systems”, Proceedings of the 7th American Nuclear Society International Topical Meeting 
on Nuclear Plant Instrumentation, Control, and Human-Machine Interface 
Technologies,Las Vegas, NV, (2010). 

19. O’Hara, J., Stubler, B., Kramer, J., “Human Factors Considerations in Control Room 
Modernization: Trends and Personnel Performance Issues”, 6th IEEE Conference on 
Human Factors and Power Plants: Human Factors and Power Generation - A Global 
Perspective, Orlando, FL, (1997). 

20. O’Hara, J., Stubler, W. F., Higgins, J. C., “Human Factors Evaluation of Hybrid Human-
System Interfaces in Nuclear Power Plants”, Handbook of Human Factors Testing and 
Evaluation, 2nd Edition, Lawrence Erlbaum Associates, Mahwash, NJ, (2002). 

21. Schnürer, G., Wach, D., Seidel, F., Weil, L, “Upgrades of Digital I&C in German Nuclear 
Power Plants Regulatory Aspects and Qualification Requirements”, IAEA Specialists’ 
Meeting on Modernization of Instrumentation and Control Systems in Nuclear Power 
Plants, Munich, (1995). 

22. Swedish Nuclear Power Inspectorate – SKI, Report 2005:15, “Human Factors 
Engineering Plan for Reviewing Nuclear Plant Modernization Programs”, Stockholm, 
(2004). 


